

THE DILUTION CURVE OF ACTIVITY IN ARTERIAL BLOOD AFTER 
INTRAVENOUS INJECTION OP LABELED CORPUSCLES 
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T he prolongation of the circulation time, determined hy the deeholin method 
in heart insufficiency, is not only an expression of the degree of stasis 
but also of the dilatation of the heart and thus of the residual blood 
in the heart.^-* In compensated cardiological eases there is a clear con- 
nection between tlie circulation time and the roentgenologic volume of the 
heart.® In other words the greater the heart volume the longer its circulation 
time, a circumstance which is further illustrated by a more detailed statistical 
investigation of a large amount of material,^ It lias also been possible 1o prove 
; ’ static, simultaneous, changes in the amount of residual blood in the heart and 
in the circulation time,® The connection, not previously observed, between the 
length of the circulation time and the amount of the residual blood in the 
heart explains observations made earlier, inier aha, by Weiss" and Nylin and 
co-workers. In certain cases of heart insufficiency there was little or no change, 
i.e., shortening, in the circulation time in spite of the symptoms of insufficiency, 
and the stasis phenomenon jdelded to therapy, which is explained by the fact 
that the dilatation of the heart persisted. 

The circulation time is thus extremely dependent on the mixing conditions 
of the injected test substance in the heart cavities. I have shoum earlier that, 
with tiie decholui method, not only tlie first taste sensation but at times also the 
duration of the sensation is an expression of the amount of the residual blood. 
In several respects, however, the deeholin method is not satisfactory. A more 
detailed analysis of the afore-mentioned circulation phenomenon presupposes 
that a test substance wbicb remains constantly attached prefefabU^ to the 
red blood corpuscles for a relatively long space of time can be introduced into 
the circulating blood and subsequently analyzed with satisfactory exactness 
on blood specimens. The test substances which have been employed in recent 
times, such as certain dye substances, vital red and, above ail, Evans Bine 
T-1824, carbon monoxide, and certain other substances, such as deeholin, 
histamine, saccharin, and loheline lack, more or less, these afore-mentioned 
prerequisites. By the method of Hevesy and his co-w'orkere.'-'’ i.e., labelling 
the red blood corpuscles with radioactive isotopes, in the firet place 32 V, a 
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new field was opened np for circulation research. In a preliminary work Nylin 
and Malm^“ showed that this method oC labelling and subsequent analysis is 
. applicable to investigations into the mixing conditions in cases of different 
amounts of residual blood in the heart. Heve.sy and others” have applied the, 
method for determining the circulating blood volume in healthy persons, and 
they discuss in detail the sources of eiTor from which this method may con- 
. ceivably suffer. How uniformly the radioactive phosphorus is attached to the 
red blood corpuscles appears to be of the greatest significance. From the 
’■investigations of Hevesy and his co-workers it seems to emerge that the chances 
of radioactive phosphorus infiltrating into the blood corpuscles from the radio- 
active plasma are many times greater than those of radioactive phosphorus 
being expelled from the blood corpuscles into the plasma, but on the other 
hand that the resorption from the plasma of the radioactive phosphorus tlirough 
the capillary wall is extremely rapid. Even if allowance is made for the error 
of the method, due to some active plasma being left with the decentrifuged 
red blood corpuscles, when the aetivit)’’ of the different specimens is determined, 

. the total error ten minutes after the injection appears to amount to only 0.5 
per cent. From my inve.stigations it appeal’s that relatively constant values 
of the activity are still obtained twentj’’ minutes after the injection of the 
labelled blood corpuscles. 

From what has been said it emerges that Hevesy ’s method affords possi- 
' bilities of studying certain circulation phenomena ndth greater exactness than 
j earlier methods afforded and satisfies the prerequisites for analyzing more 
, closely the connection between the magnitude of the residual blood in the 
heart and, the circulation time. It appeared that the decholin times wei’e 
correlated with the tjqie of the dilution curve of the activity in the arterial 
blood. 

For the purpose of studying more thoroughly and of throwing light upon 
the afore-mentioned observations, the investigations were extended to comprise 
both normal cases and certain cardiological cases. 

METHOD 

On the whole, the procedure described in the first published Avork Avas 
folloAA'ed.’^® As a iTile aa'c took 6 c.c. of blood from the patient in the morning 
by means of A’enous puncture. This AA'as put into a paraffined flask containing 
approximately 0.3m C radioactive phosphorus. The flask Avas then sliaken in 
a thermostat at 37° C. for tAVo liours. Half the labeled blood, i.e., 3 c.c., Avas 
then injected into a Amin in one of the patient’s arms. The injecting 
AA'as carried out rapidly during the course of one to tAVO seconds. The pa- 
tient lay in a horizontal position and quite still during the experiment» 
Before the injection of the labeled blood corpuscles, a puncture of the arteria 
bracliialis of the other arai Avas made, and a specimen-taking cannula, fitted 
Avith a tap, AA'as inserted. 

Fractioned specimens AA'ere then taken and collected in small glass tubes 
immediatelj'" after the intraA'enous injection of the labeled blood corpuscles. 
The times of the specimen taking (as shoAAUi by stop AA'atehes) are accurately 
, given in seconds after the injection. The remainder of the labeled blood cor- 
puscles Avhich AA’ere not injected and the A'arious fractioned specimens Avere dealt 
AAlth in the manner described in an earlier Avork, and finally the actiA'ity Avas 
determined for each specimen AA'ith the Geiger counter. Fir.st, the activity is 



NYLIN: DILUTION CURVE OF ACTR^TY IN .VRTERIAL BLOOD 


3 


given by the minibei* of impulses per gram of blood corpuscles, i. e., the specific 
activity, and second, the activity of the different specimens is expressed as a 
percentage of the most strongly labeled specimen, i.e., the relative activity. 
Further, for all the health^' experimental persons and for the patients, meas- 
urements were made of the venous pressure. The circulation time was deter- 
mined ])y the decholin method, and the roentgenologic lieart volume was 
determined. In determinations of the heart volume the metliod whicli has 
previously been published was emplo 3 'ed.^- 

RESULTS 

The material comprised five experimental pei'sons who were healtlu' from 
the point of view of circulation, and six persons with heart disease, the latter 
consisting of five without signs of heart decompensation, and finalty, one with 
typical heart insufficiencj' and cardiosclerosis. This patient had been followed 
with repeated circulation investigations over a long period, until, after appro- 
priate therap 3 L all signs of insufficiencj' had disappeared. The five compensated 
heart cases comprised one instance of aortic insuffieiencA’- (Case 6), an instance 
of combined mitral stenosis and aortic insufficienc.v (Case 7), an instance of 
cardiosclerosis (Case 8), an instance of In-pertonia (Case 9), and, finally*, an 
instance (Case 10) of operated concretio cordis. A surve.v of all the eases 
is given in Table I, containing the most important data as to the heart volumes, 
circulation times, and venous pressures. 

Dilution Curve of relative activity in arterial blood in a normol case. 

CASE 1. Februory 2, 19H3. Heart volume AAOcc./m^. C-time (Decholin) 12"- 32”. 

Rel octivily 
% 



The material is not large, but owing to the considerable number of the 
fractioned specimens — in each case between 30 and 40 — and the time-consum- 
ing method of ashing the specimens, it has not xQt been possible to investigate 
a larger number. 

It appeal’s from Table I that all the heart volumes in the healtln' persons 
■were within normal limits. The upper limit for the normal, according to what 
has been indicated earlier, is 500 c.c./m- of bod.v surface. The circulation times 
determined with decholin are short and within normal limits. Thus, on an 
average, the fii-st taste sensation was perceived after fourteen seconds, and the 
bitter taste disappeared after thirt.v-two seconds. The fir.st figure agrees with 
the mean value of twelve seconds observed on a considerable normal material 
in an earlier work. The means figure for the ces.sation of^the taste sensation 
is higher than the corresponding figure of twentA’-five seconds in the last- 
mentioned work. 
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Dilulion Curve of relative activity in arterial blood in a norma! cose. 

Rel odlvtr CASE2 Februory 19, 1943. Heorl volume 620 cc.,320 cc,/m’.C-lime (Decholin) 15"- 3-t". 

e oc v,ty 



Fig. 2. 


Dilution Curve of relative activity in arterial blood in a normal case. 


Ret. activity 
"lo 


CASE 3. May 11, 1943. Heart volume 400 cc./m’ C-lime (Decholln) 13"- 26" 



Fig. 3. 


Table I 


1 . 

CASE 

PATE 

» 

mA<;Nosis 

VEKOL'S 

PRES- 

SURE 

(fM.) 

HEART VOLU.ME 

CIRCUL-ATION 

TIME ' 

(DECHOLIir) 
(SEC.) 

nRST 

.SENSA- 

TION 

LAST 

SENSA 

TION 

(C.C.J 

(C.C./M^) 

Normal capes 

1 

2 

3 

4 

5 

Feb. 9, 194:’. 
Feb. 19, 1943 
Mav 11, 1943 
Oct'. 11, 1942 
Feb. S, 1944 


■ 

620 

SSO 

978 

440 

.320 

400 

450 

500 

12 

15 

13 

12 

17 

32 

34 

26 

25 

42 

Mean 






422 

14 

32 

Compensated 
heart cases 

(5 

e 

7 

7 

8 

9 

10 

March 30, 1943 

May 25, 1943 

June 9, 1943 

(July 14, 1943) 

June 22, 1943 
March 16, 1944 
.Tune 12, 1944 

Aortic regurgita- 
tion? 

Aortic regurgita- 
tion? 

Mitral stenosis 
and aortic re- 
gurgitation 
Mitral stenosis 
and aortic re- 
gurgitation 
Cardiosclerosis 
Hypertension 
Constrictive peri- 
carditis 

13 

14 

11 

(8) 

5 

13 

10 

14S0 

1470 

1460 

1680 

(1470) 

1480 

2100 

820 

750 

785 

820 

970 

(860) 

830 

1200 

470 

14 

16 

17 

22 

(20) 

32 

37 

13 

30 

30 

30 

65 

(45'' 

83 

85 

29 

Mean 






851 

24 


Decompensated 

heart cases 

11 

11 

May 15, 1944 
May 25, 1944 

Cardiosclerosis 

Cardiosclerosis 

(compensated) 

17 

5 

1610 

1350 

895 

845 

35 

21 
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The dilution curv^es for the relative activitj^ in the arterial blood in the 
normal cases is sliovn in the diagrams, Figs. 1, 2, 3, 4, and 5. Prom these it 
appears that there is good agreement between, first, the different normal cases, 
and second,- the dilution curves for the radioactive labeling and the deeholin 
times. Equilibrium appear fairly rapidly, as is shoAvn in the diagram, some- 
times after about sixty seconds and, as a rule, during the second minute after 
the intravenous injection. Similarly it appears that the activity remains strik- 
ingly constant during the following four minutes, and in one normal pei’son 
(Oase 5) it remained relatively constant up to fifteen minutes after the injec- 
tion, as is sho-wn by Fig. 5. In another ease, simultaneously fraetioned speci- 
mens were taken from both arterial and venous blood, beginning at the second 
minute after the injection of the labeled blood corpuscles. In Table TI will be 

Dilution Curve of relative activity in arterial blood in a normal cose. 



Seconds ofler ln)ection 

Pig-. 4. 

Dilution Curve of relative activity in arterial blood in a normal cose. 



Pig. 5. 


found the values for the specific activity, which prove to be relatively constant 
from the second up to and including the twenty-first minute after the injection. 
There is remarkable agreement between the values of the arterial and venous 
specimens. It is very important to Icnow more exactly how long the activity 
remains constant in the blood and to study more in detail the decrease in 
activity some considerable time after the injection. In one ease the specific 
activity in the venous blood was determined several days in succession, and 
this gave the result that after 48 hours tlie specific activity of the red blood 
corpuscles had fallen by 44 per cent, after 72 hours by 60 per cent, after 144 
hours by 85 per cent, and after 168 hours by 93 per cent of the equilibrium 
value. 
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As- lias been mentioned previously and as emerges from the tables, the 
pathologic heart cases comprised five compensated cases and one typical ease 
of heart decompensation. The heart volumes in the compensated cases are very 
large as a rule, with the exception of one case of concretio cordis winch was 
freed by an operation from its chronic heart tamponade. Tlie mean value of 
the five heart volumes amounts to 851 e.e./m^ of body surface, i.e., double the 
value for that of the normal heaid eases. On an average, the circulation times 
determined with decholin were, for the first taste sensation, 24 seconds, and for 
the last taste sensation, 59 seconds. Thus, in spite of the absence of stasis the 



circulation times are nearly twice the normal. Case 10, with ^ 
heart exhibits normal circulation times. Entirely contrary to m> expeiience, 
i e that long circulation times are met 'svitli in cases of heart ^ 
large amounts of residual blood. Case 6 exliibited remarkably shoid and com- 
pletely normal circulation times after repeated controls, an interes 
stance which %vill be discussed more in detail later. Einaly, on a ^ 
to the clinic, the last case. Case 11, showed the typical picture ^I'ave 1| 

^ Jlccumpcnsation in a Ol-year-old man with cardiosclerosis. He exhibited diffuse 
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Table II 


SPECIKIC ACTIVITY (IJIFULSES PER GPvAM PER MIXUTE) 

TIME AFTER INJECTION 
(MIN.) 

ARTERIAL BLOOB 

VENOUS BLOOD 

2 

161 


6 

159 

159 

8 

162 

162 

14 

149 

155 

17 

150 

150 

19 

150 

159 

21 

159 

159 

Mean 

155 

157 


Dilution Curve of relative activity in arterial blood in a case of aortic requrgitation? 

CASE 6. March 30. Heart volume 1-480 cc., 820 cc /m^ C-time (Decholln) 14"- 30", 

Re! activity 



n I o I III I I I 1 I I I I I I I I I I 

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 

Secondi afler Injection 


Fig. 7. 


Dilution Curve of relative activity in arterial blood in a case of aortic requrgitation? 

CASE 6. May 2S. 1943. Heart volume 1460 ce.. 820 cc./mL C-time (Dechollnl 17"- 30" 



Q l ! I 1 I I I 1 1 1 ! I ! 1 I 1 i 1 

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 

Second! after Injection 


Fig. S. 

edema over the legs, thighs, and np across tlie back; the liver was palpated a 
a handb'readth below the costal margin, and, on the day of admission, the 
venous pressure reached a very high valne, 25 centimeters. Some days later, on 
]\ray 15 (see Table I), when the special examinations were made, it had fallen 
to 17 centimeters. The heart was strongly dilated and the heart volume 
greatly enlarged, namely 895 e.c./m” of body surface. Tlie circulation times 
were markedly long, 35 and 65 seconds, respectively. After treatment with 
digitalis and diuretics, all the stasis phenomena and the edema disappeared, 
resulting in a decrease in weight of 10 kilograms. At the same time the cir- 
culation times were certainly shortened to 21 and 44 seconds, respectively, for 
the first and la.st taste sensations, but did not quite return to normal values. 
Simultaneously ^vith the decrease in the circulation times the heait voliune 
decreased very considerably, by nearly 300 cubic centimeters. The roentgeno- 
logic decrease in volume appeal’s in Pig. 6. 
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Table III 


TISrE AFTER INJECTION 

(days) 


DECREASE IN ACTIVITY AS PERCENTAGE " 
OF MIXING VALUE 

2 

* 



3 


60 

6 


85 

7 


93 


Dilution Curve of relative activity In arterial blood 
in a case of mitrol stenosis and aortic requrgitatlon. 



Fie. 9. 


Dilution Curve of relative activity In arterial blood in a case of cardiosclerosis. 



Secondi ofler fn|eaion 

Fie. 10. 

Figs. 7, 8, 9, 10, 11, 12, 13, and 14 are the dilution curves of the relative 
activity in the fractioned specimens from arterial blood after intravenous in- 
jection of labeled blood corpuscles. As we have found, the courses of these 
curves for the five compensated heart cases diverge greatly from those of the 
normal eases, with the exception of Case 6 (Figs. 7 and 8), a ease of aortic in- 
sufficiency, and the operated ease of concretio cordis (Case 10, Fig. 12), The 
latter has a normal heart volume, a normal dilution cun^e and normal circular 
tion times. Cases 7, 8, and 9 (Figs. 9, 10, and 11) have large heart volumes and 
long circulation times measured by the decholin method, and in complete agree- 
with this the activity reaches the maximtun successively and late, and then 
gradually and late reaches the state of equilibrium. As a rule it takes several 
minutes before equilibrium is attained. In Case 9 (Fig. 11) equilibrium does 
not appear to be reached before the seventh minute. 

Case 6 was subjected to control determinations on a later occasion even 
with decholin. The two dilution curves (Figs. 7 and 8) show particularly con- 
sistent results and remarkable agreement mth the curves for the normal cases 
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in spite of the fact that the heart volume is considerably enlarged, and there is 
reason to assume the presence of large amounts of residual blood. On several 
occasions, in complete conformity vith the normal tj^pe of dilution curve, the 
decholin times have proved to be entirely normal. The explanation of the re- 


Dilution Curve of relative activity in arterial blood in a cose of hypertension. 

CASE 9. March 16. 1944. Htart volume 9100 cr . 1500 rc./ ^7*- R*»* 



Fig. 11. 


Dilution Curve of relative activity in arterial blood in a case of constrictive pericarditis. 



Seconds oRer Injection 


Fig. 12. 

Dilution Curve of relative activity in arterial blood in a case of cardiosclerosis. (Decompensoiion) 

. , CASE 11 May 15, 1944. Heart volume 1610 cc., 895 cc./m’ C-time (Decholin) 35"- 65". Venous pressure 17 cm. 
Ret activity 
®/o 



Fig. 13. 

markable conditions in this exceptional case cannot be indicated witJi certainty. 
Possibly there was a defect in the ventricular septum with a dilated heart, 
which explains the short circulation times and the fact that the dilution curve 
with the radioactive labeling of the red blood corpuscles is normal. 
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Finally, we come to the last case, a typical heart insufficiency, Avhieh at 
the first examination (Pig. 13) had a high venous pres.sure of 17 cm., a large 
heart volume of 1,610 c.c., and pathologically long circulation times. Here 
the dilution curve is in complete agreement with those of the compensated eases 
with large heart volumes. Equilibrium, appears late in this ease, too, not before 
the fifth minute after the injection. Ten days later, when complete compensa- 
tion had appeared, the type of curve certainly changes appreciably (Fig. 14) 
and to some extent approaches that of the normal cases; nevertheless the patho- 
logic type persists. Not until the third minute is equilibrium attained. On the 
occasion of tlie last examination the circulation times also were clearly and 
pathologically prolonged, and at the same time the heart volume had certainly 
decreased but still remained eonsiderablj’^ enlarged. 

Dilution Curve of relative activity in arterial blood in a cose of cardiosclerosis. (Compensation) 

CASE 11 May25.19'1^ Heart volume 13S0 cc , 8<5 cc./m’ C-lime (Oecholin) 21"- 4^' Venous pressure S cm 
Rel activity 
®/o 



SUMMu\BY 

Ked blood corpuscles from the experimental pei-son labeled with radioactive 
phosphorus were injected intravenou.sly into the same individual, after which 
the activity on fractioned specimens from arterial blood was determined by 
means of a Geiger counter. In this way a dilution curve was obtained which 
appeared to be eharactei’istic of healthy experimental pei’sons in whom both 
the initial rise and the return to the position of equilibrium takes place rapidly. 
In pathologic heart cases Avith large amounts of residual blood in the heart, 
this dilution cuiwe is of a completely different type, with a slow gi-adual rise 
to a maximum for the activity and subsequently a slow gradual falling part, 
where equilibriiun is gradually i*eached. 

There appears to be an obvious connection between the circulation times 
determined by the decholin method and the type of dilution curve, on the other 
hand and bertveen the dilution cuiwe and the size of the heart and the amount 
of the residual blood on the other. It is extremely probable that the prolonged 
circulation time in cases of heart insufficiency is not, as has previously been 
assumed, due to stasis only, but to a great extent, possibly chiefly, to the 
dilated heart and thus to the amount of residual blood. 

For determinations of the circulating blood volume in cardiological cases 
it appears to be neeessaiy to know the course of the dilution curve. 

I beg to extend my warm thanks to Professor G. von Heiesy for his unfailing interest, 
and to Professor !Manne Siegbahn, -who kindly placed radioactive phosphorus at my disposal. 
I owe grateful thanks to Licentiate M. Alalm and Professor Bunnstrdm for help ivith certain 
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of these investigations. Aly assistant, Miss Ingrid Larsson, has helped me indefatigably in 
the Avork, and my gratitude is also extended to the Therese and Johan Andersson Alemorial 
Pund for a grant ^vhich made this investigation possible. 
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CHANGES IN THE PRECORDIAL ELECTROCARDIOGRAM PRODUCED 
BY EXTENSION OP ANTEROSEPTAL 
MYOCARDIAL INFARCTION 

Francis F, Rosenbaum, M.D., Prank N. ^YILSON, ]\I.D.. and 
Franklin D. Johnston, jII.D. 

Ann Arbor, ]\Iich. 

T his report is concerned with an electrocardiographic study of two patients, 
each of whom experienced two attacks of severe anginal pain within a 
.short period of time. The observations made sugge.st that in each case the 
first attack was associated with the development of a small anteroseptal nu'O- 
cardial infarct, whereas the second attack was related to the lateral extension 
of the initial lesion. The electrocardiograms illustrate the value of multiple 
preeordial leads in the diagnosis of this sequence. 

case REPORTS 

Case 1 . — A 43-year-old housewife was admitted to the University Hospital on Aug. 6, 
1943. On the morning of the day of admission to the hospital, about one hour after awaken- 
ing, the patient noted mild precordial oppression which cleared spontaneously. It recurred 
about one hour later and became increasingly severe. Numbness in both shoulders, pain 
radiating to the left arm and hand, and a mild sense of suffocation developed. When ex- 
amined by her physician shortly after the onset of these sjTuptoms, the blood pressure was 
160/120. Inlialation of amyl nitrite and two doses of morphine sulfate of 0.016 Gm. 
grain) each, subcutaneously, gave no immediate relief. She was admitted to the hospital 
a few hours later. 

From the Department of Internal Medicine, University of Michigan liledical School. The 
observations reported in tliis article were made with the aid of a grant from the Horace H. 
Rackham School of Graduate Studies. They were presented in part before the Seventeenth 
Annual Meeting of the Central Society for Clinical Research. Chicago, Nov. 3, 1944. 
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There was no history of previous complaints referable to the heart. The patient had 
been examined in the outpatient clinics on several occasions. The blood pressure was re- 
corded as 128/100 in January, 1939, 160/110 in November, 1941, and 150/90 in March, 1942. 
Her father died of angina pectoris. Her mother had an abnormally high blood pressure, 
but died of a perforated ulcer. 

Physical Examination . — ^When first seen, the patient was somewhat pale and drowsy. 
She was not complaining of pain, possibly because the opiates which liad been administered 
at her home had become effective. The temperature, pulse rate, and respiratory rate were 
normal. The heart sounds were of good quality and the cardiac rhythm was normal. The 
blood pressure was 118/80. The remainder of the physical examination was negative. 

Laboratory Data . — Tlie blood, urine, and blood serologic examinations were negative. 
The leucocyte count rose from 9,300 on admission to 11,850 on the fourth hospital day, and 
then returned to normal. The sedimentation rate on admission was 36 mm. per hour (Win- 
trobe method). Subsequent determinations were 0.8 mm. per minute on September 14, 
0.96 mm. per minute on September 24, and 0.4 mm. per minute on February 4, 1944 (Ern- 
stene and Eourke method). 

CKnical Course . — The usual treatment for myocardial infarction was instituted. Except 
for occasional palpitation, the patient was quite comfortable during the first thu-ty-six hours. 
On the evening of August 7, preeordial distress recurred, and, in tlie early morning hours of 
August 8, it became quite severe, with radiation to both arms. The pain persisted with 
variations in intensity for thirty-six hours. During this period, four doses of morphine 
sulfate of 0.016 Gm. (% grain) each, and then five doses of dilaudid of 0.002 Gm. (%o 
grain) each, were administered. Tlie patient grew pale, restless, and somewhat confused. 
She was kept in an oxygen tent for eight days. The temperature, which had been normal 
during the first two days, rose to 101.2° F. (B), and the pulse rate, to 116 per minute. 
The respiratory rate fell to 5 per minute. The blood pressure remained at about the same 
level as on admission. After the eighth hospital day there was progressive improvement, 
and convalescence was uneventful except for a mild upper respiratory infection. The patient 
was discharged on the fifty-second hospital day. When last seen, on Sept. 23, 1944, she was 
feeling well except for mild sciatica, and had been able to resume nearly full, normal 
activity. 

Electrocardiograms . — The standard leads and unipolar extremity leads taken on August 

6, six and one-half hours after the onset of symptoms, show slightly inverted T waves in 
Lead I and sharp terminal inversion of the T waves in Lead Vj, (Fig. 1). Although some- 
what suggestive, these records are not diagnostic of myocardial infarction because there are 
no significant changes in the QES complexes. The precordial leads taken on August 7, 
twenty-seven hours after the onset of symptoms, show QS deflections in Lead and sharp 
terminal inversion of the T waves in Leads V„ V., V^, V^, and (Pig. 2). These changes 
are characteristic of recent anteroseptal myocardial infarction. Infarcts in this location are 
usually not accompanied by diagnostic alterations in the standard limb leads.i 

The standard and unipolar extremity leads on August 9 (not reproduced), thirty-six 
hours after the recurrence of pain, are quite different from the first electrocardiograms. 
Prominent Q waves, small or absent E waves, and upward displacement of the ES-T segment 
are seen in Leads I and Vt, together with downward ES-T displacement in Lead III. The 
same changes are present in the tracings taken on August 11, except that displacement of 
the ES-T segment is more striking (Pig- 1). The precordial leads taken on this same date 
show large QS deflections in Leads V„ Y„ Y^, and Y< and pronounced ES-T displacement in 
Leads Y,, Yo, Y^, and Y^ (Fig. 2). Since the cavity potential (QS deflection) is now 
recorded not only in Lead Y, but from several other precordial regions, chiefly to the left 
of this point, it is evident that the original zone of infarction had extended laterally. The 
ES-T displacement also suggests that further acute injury had occurred. 

Standard, unipolar extremity and preeordial leads taken on Sept. 9 display the ex- 
pected progression of changes in the ventricular complexes (Figs. 1 and 2). The displace- 
ment of the ES-T segment has disappeared, and the T waves are now sharply inverted in 
Leads I, Yl, Y., Yj, Y„ and Yj. Subsequent electrocardiograms, taken on Feb. 3 and July 

7, 1944, are similar except that the changes in the T waves have regressed to some extent. 

Case 2. — A 53-year-old foreman was seen in the Heart Station on March 2, 1943. He 
was complaining of attacks of pressing, squeezing discomfort beginning in the right arm, 
extending to the upper right anterior part of the thorax and sternum, and occasionally to 
the right cervical region. The first attack occurred on Feb. 13, 1943, while he was sawing 
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wood. However, subsequent attacks were not closelj' related to exertion, and the pain 
awakened him frequently at night. The discomfort usually lasted five to thirty minutes. 
Nitroglycerin had been found to give relief. During the evening of March 1, he had five 
attacks of short duration. 

In 1940, he had a transient left hemiparesis during an attack of “food poisoning. “ 
The blood pressure Avas found to be slightty elevated at that time. He had inflammatory 
rheumatism at the age of 3 years, and a gastroenterostomj" for peptic ulcer at the age of- 
39 years. His father died of a “heart attack.” 



Physical Eicamination : — The patient was a moderately obese, somewhat plethoric, middle- 
aged man. The heart was not enlarged. The aortic second sound was slightly accentuated. 
There ivere no murmurs or abnormalities of rate or rhythm. The blood pressure was 150/100. 
The remainder of the examination showed nothing of significance. 

Laboratory Bata . — ^The sedimentation rate was 9 mm. per hour (Wintrobe method). 
The miniature chest roentgenogram and the blood serologic reaction were negative. 
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Electrbcardiogravis . — The standard and unipolar extremity leads taken on March 2 
show terminal inversion of the T waves in Leads I, II, and Yj., i.e., changes suggestive, 
but not diagnostic, of recent myocardial infarction (Fig. 3). Tlie prccordial leads taken at 
the same time display prominent QS deflections in Leads V„ and Vr, and deep terminal in- 
version of the T waves from all the precordial points explored (Fig. 3). These changes 
are characteristic of infarction of the anteroseptal portion of the left ventricular wall.i 



Correlating these changes with the history, it seems probable that the infarction occurred 
during the preceding evening when the patient experienced the multiple, short attacks of 

anginal pain. 

Second Admission . — After liis first visit the patient was confined at home. On March 
4 "while in bed, he had an attack of pain in the right arm, thorax, and neck ksting eight 
hours. He took nitroglycerin tablets at intervals of five minutes (total of thirty tablets) 
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without obtaining relief. He remained in bed for five weeks and thereafter gradually re- 
sumed activity. He had no more prolonged attacks of pain, but mild anginal distress oc- 
curred on moderate exertion or excitement and was relieved by rest or nitroglycerin. He 
returned to the Heart Station for re-examination on June 1, 1943. 

Physical Examinatimi . — The findings were unchanged from those at the time of the 
first examination except that the heart sounds were rather faint. The blood pressure was 
150/100. 

Electrocardiograms.— Gomyd.T\sQn of the standard and unipolar extremity leads taken 
June 1 with those recorded three months earlier discloses only minor changes. The R waves 
are smaller in Leads I, H, and Vf, the S waves are larger in Leads II, HI, and Vy, and 
the T waves have become upright in Lead II (Pig. 3). The true significance of these 
changes becomes evident onlj' when the precordial leads taken at the same time are examined 
(Fig. 3). QS deflections are now' present in Leads V„ V,, V^, V^, and Vc. The T waves 
have become upright in Leads and AL:, but arc again inverted in all the other precordial 
leads. A AV-shaped QES complex is now seen in Lead A^j in which the initial ventricular com- 
plex was previously of normal form. It is evident that extension of the original anterosep- 
tal infarct laterally to involve the anterior and anterolateral regions of the left ventricle 
was responsible for these changes. The historj- suggests that this extension occurred on 
March 4, when the patient had the prolonged attack of anginal pain. 


DISCUSSION 

These two patients are quite similar with respect to their history and the 
character and sequence of development of the electrocardiographic changes. 
In each ease, the initial infarct was associated with relatively minor clinical 
manifestations and only T-wave changes in the standard and unipolar extremity 
leads (Figs. 1 and 3). The precordial leads, however, show characteristic QRS 
and T-Avave changes due to anteroseptal myocardial infarction in the leads from 
the extreme right side of the precordium (Case 1, Fig. 2, Lead Vo, and Case 
2, Fig. 3, Leads Vy, Vj, and Ve). The full import of the initial clinical mani- 
festations might have been overlooked if multiple precordial leads, and particu- 
larly leads from the right side of the precordium, had not been taken. This 
becomes still more apparent if Leads V 4 and V 5 of the records taken after the 
initial infarct are examined; these display only T-Avave uwersion, Avhieh, al- 
beit pronounced, in the absence of QRS changes, does not permit an electro- 
cardiographic diagnosis of myocardial infarction. Therefore, it can be seen 
that standard limb leads and single precordial leads from the region of the 
cardiac apex would not have been as helpful in these cases as tracings of the 
type reproduced here. 

The even greater value of multiple precordial leads in these two eases is 
seen upon examination of the precordial electrocardiograms taken after the 
second attack of severe pain (Figs. 2 and 3). Since the changes in the QRS 
complexes are noAv recorded from a much larger area, it is evident that the 
initial zone of infarction has gi’OAvn larger by lateral extension. Although one 
could haA’’e suspected from the clinical picture that an extension of the original 
infarct or a second infarct had occurred, the exact situation was not revealed 
until the multiple precordial leads Avei’e repeated. In Case 1, these records 
were made soon enough so that acute injurj’- effects were also recorded (Fig. 2) , 
thereby further substantiating the impression that additional muscle had been 
infarcted. This was not possible in Case 2 because the second set of records was 
not taken early enough to show such changes. 

In Case 1, the standard and unipolar extremity leads also showed signif- 
icant changes when the infarct extended, particularly in Leads I and Vl. This 
is usually the case in anterior and anterolateral infarction, for these leads 
ordinarily reflect the form of the electrocardiogram in Leads Vr, and Vn. How- 
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ever, in Case 2, Leads I and Vl do not displaj’- clianges of similar degree, al- 
thongli tliej' do resemble Lead Vc- This difference is probably due to a slight 
difference in the position of the heart in the two cases. That this is true is 
supported further by the fact that, after the extension of the infarct in Case 
2, the QES complex in the uniiDolar lead from the left leg (Vf) showed greater 
change than that from the left arm (Vl). 

Several recent reports have pointed out that '‘premonitoiy” or “pro- 
dromal” symptoms may precede myocardial infarction.-"^® In both of the 
cases presented here, the symptoms accompanying the initial infarct were of 
the type which have been reported as frequently indicating “impending’^ in- 
farction. Eleetroeardiogi'ams taken oh such patients during the interval be- 
tween the onset of the prodromal sjTiiiitoms and the occurrence of the mj-ocar- 
dial infarct have usuallj^ been of normal form. However, in some of the records 
which have been published, there is inversion of the T waves in Lead I, in a 
single precordial lead, or in both, similar to that observed in the two cases re- 
ported here. On the other hand, in some eases of anteroseptal infarction (as 
shown by leads from the right side of the preeordium, Vi, Y2. and Yg), the 
standard leads and precordial leads from the region of the cardiac apex (Y4, 
Yg, and Yo) are well within normal limits.^ ^ Therefore, if multiple precordial 
leads had not been taken, thereby revealing that anteroseptal infarction had 
already occurred, the two patients discussed here might also have been con- 
sidered to have experienced only premonitory sj’mptoms. The extension of the 
original lesion which occurred a few daj'S later would then have been errone- 
ously considered tlie initial infarction. The opinion that prodromal pain may 
actually be an expression of myocardial infarction in some cases has also been 
set forth by Dressier, “ as well as by earlier observers.®’ 

Bayley^®'^® has shorni that the T-wave changes in patients with symp- 
toms of impending infarction are the result of myocardial ischemia. He has 
presented important new evidence regarding the nature and manner of develop- 
ment of such changes. The alterations in the T waves which he has observed 
both clinically and in experimental animals are very similar to those recorded 
in the two cases presented here. However, the iiresence of significant QES 
changes in the leads from the right side of the preeordium in the records follow- 
ing the initial infarct indicate that, in addition to ischemia, actual infarction 
was present. 

SUMMARY 

Electrocardiographic studies are reported on two patients, each of whom 
had anteroseptal infarction, followed in a few days by lateral extension of the 
initial lesion. The worth of multiple precordial leads in the diagnosis of ex- 
tension of such infarcts is illustrated. 

Evidence is again presented that infarcts which are anteroseptal in loca- 
tion, as shown by diagnostic changes in leads from the right precordial area, 
often fail to produce equaUy significant changes in the limb leads. 

It is suggested that, in cases of coronary arterial disease, some of the at- 
tacks of pain which have usually been considered prodromal symptoms of myo- 
cardial infarction, actually represent the develoinnent of a small, anteroseptal 
infarct, and that the more characteristic symptoms of acute coronary throm- 
bosis which often occur later are due to an extension of this initial lesion. The 
true situation must be recognized, if such patients are to be properly treated. 
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We do not -vvisli to convey' the impression that we are convinced that all 
attacks of so-called prodromal pain represent actual myocardial infarction. 
The data, at present available, bearing on this problem are inadequate to 
justify this conclusion. Some attacks of this character appear to be due to acute 
processes developing in the coronary arteries or to transient myocardial ischemia 
associated with such processes." 
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THE MEASUREMENT OF THE LUNG-TO-FACE 
TIME BY Aj\n:'L NITRITE 

Desiderio Gross, M.D. 

Santiago de Chile 

S TUDY of the velocity of the blood flow has been of practical value in the 
last decade only, during which period simple methods have been devised 
for timing the blood velocity in clinical practice, and have thus enabled this 
fundamental hemodynamic factor to be taken from the experimental labora- 
tory to the bedside of the cardiac patient. The common basis of all clinical 
methods for measuring tlie blood velocity consists in the introduction of an 
active physiologic substance into the circulation by intravenous injection. 
Then the time is measured from the moment of injection until the appearance 
of characteristic effects, which differ, according to the agent employed, in Amri- 
ous but always constant parts of the circulation, and that is the circulation 
time. The end point reaction can be of a subjective nature (heat, taste, smell) 
or objective nature (optical registration of its occurrence by a eharacteilstic 
color change in certain parts of the circulation [fluorescein^ ; by a special 
detecting device if the substance employed is radioactive [radium C,] ; or by 
graphic registration if the proAmked reaction is a cough or change in depth 
of breathing [lobelin,-’ papaverine"*]). From another point of vieAV the clinical 
methods of measuring the circulation time can be divided into partial or total 
methods, according to the circulation zone involved. The total methods of 
measuring the blood A^elocity comprise the .sum of part of the venous, the pul- 
monary, and a certain part of the arterial, circuits. The partial methods indi- 
cate it Avithin one zone only. For example, the ether method (Hitzig^) gives 
information about the condition of the circulation in the venous half only, i.e., 
from the antecubital A'-ein to the arterial capillaries of the lung. 

Compared Avith the partial methods, the number of total methods of meas- 
urement of the circulation time is quite large. Among the former, the most 
frequently emiiloyed agents for the measurement of A-enous circulation are 
ether and paraldehyde.® For the direct measurement of the lung-to-face time 
(apart from Gubner, Schnur, and CraAvford’s carbon dioxide method"), there 
are practically no other uniA’^ersally knoAvn procedures. In this paper, experi- 
ences Avith amyl nitrite as an agent for the direct measurement of the lung-to- 
face time AAflll be described. 


METHOD 

The measurements vere made on recumbent patients, after a rest period of ten min- 
utes in a nonbasal condition. The amyl nitrite used in this study was obtained from 
ampules* which contain 4 minims of the drug and are covered by absorbent material. The 
time between the commencement of deep inspiration of the vapor of amjd nitrite and the 
appearance of a well-marked heat sensation in the face was registered by a centesimal 
chronometer, and represents the lung-to-face time as an exx)re.ssion of the trajectory from 
the pulmonary capillaries to the capillary bed of the face. Knowledge of certain peculiar- 
ities of the physiologic effects of breathing amyl nitrite vapors and adequate preparation 
of the patient for correct measurement are A'cry important. Information must be given 
to lessen the jiossibility of nervous excitement before and during the iJrocess, in order to 
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prevent changes in respiration and circulation which may 'cause significant errors in the 
measurement. The inhalation must be made through the nose, with the mouth kept closed. 
In this way tlie mixture of air uith the amyl nitrite vapor is less than it would be if the 
vapor were inhaled tlirough the mouth. Consequently, before taking the measurement, it 
is necessary to make several tests of the patient's respiratory behavior. This is done by 
placing the unopened ampule directly under his nose and inviting him to take a deep and 
rapid breath, and then continue to breathe normally and quietly. Only after having made 
several trials, and being sure of the perfect collaboration of the patient, can the measure- 
ment be started. Attention must be drawn to the fact that the ampule explodes when 
opened. By this warning the perturbing effect can be lessened or avoided. Before the 
process is begun, the patient is informed that, several seconds after the first and only deep 
inhalation of amrd nitrite vapor, a definite sensation of heat will be felt in the face, to- 
gether with a pounding of the pulses in the head and a certain feeling of heardness and 
quickening of the heartbeat; these effects of the drug have no> annoying intensity and will 
disappear within a few minutes. The patient is instructed to report immediately the fust 
clearly felt sensation of heat in the face by uttering the word “ya." That represents the 
end of the process. The measurement by chronometer begins with the first and only deep 
breath and ends with the first clearly felt heat in the face, indicated by the patient’s 
saying ''Ya.” The chronometer is then stopped. It is not feasible to substitute observa- 
tion. of flushing of the face by the cxaininer for the subjective sensation of heat felt by 
the person under examination, because nervous excitement and emotion, b 3 ’' the psj'cho- 
vasomotor reflex mechanism, are able to produce similar flushes before the inhalation of 
the amyl nitrite, but with no definite feeling of heat. The other effects of inhalation of 
amyl nitrite vapor, such as cough, pounding of the pulse, and tears, are inconstant and not 
suitable for marlting tho end point of ahj' measurement. 

As a final observation about the technicalities of the measurement of the amyl nitrite 
circulation time (a.c.t.), tho necessity of the patient’s being recumbent during the test 
must be emphasized, in order to avoid incidents which maj’ follow dizziness (faintness, 
even syncope). 

RESULTS OF SIEASUREMENTS IN 250 CASES 

Normal Subjects (Table the group of one hundred normal persons, 

whose ages ranged from 16 to 70 years, with more than half between 30 and 
50 years (58 cases), the amyl nitrite time varied between 14 and 25 seconds, 
xvith an average of 19.5 seconds, and the greatest number between 20 and 21 


Table I. Nokievl Subjects 


A.C.T. 

(SEC.) 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 


KUamEE OP 
CASES 

7 

8 
7 
6 
7 
9 

14 

12 

9 

9 

7 

5 


Total 

Average a.c.t. for normal subjects 
Eange 


100 

19.5 sec. 
14 to 25 see. 


Helation of Age to A.C.T. in Normal Subjects 


age 

(VRS.) 

10 to 20 
20 to 30 
30 to 40 
40 to 50 
50 to 60 
60 to 70 
70 and over 


XUMBEK. OP 
CxVSES 


AVERAGE A-C-T. 
(SEC.) 


5 

13 

22 

36 

12 

11 

1 


17.4 

18.4 
18.0 
20.0 
21.7 
21.7 
24.0 
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seconds. The arerage amyl nitrite time in relation to each age group, classified 
with differences of ten years, enabled the recognition of the fact (previously 
established with different methods) that the velocity of the blood flow dimin- 
ishes with increasing age. The average a.c.t. in the group of youngest persons 
was 17.4 seconds. In the groups of older persons the velocity showed a linear 
tendency to decrease, and a maximum of 24 seconds was recorded in the old- 
est gi’oup. 

The intensity of the heat sensation was well marked in every case, and 
in the group of healthy persons it was possible to establish the fact that the 
intensity of the feeling of heat in the face was directly proportional to the 
velocity of the blood flow. A more intense sensation was felt in cases of 
higher velocity (shorter amyl nitrite time), and a milder one if the velocity 
of the blood was slower. 

The most frequentl}'" observed (side action) was a slight degree of dizzi- 
ness that disappeared completely in two to five minutes. Also, the frequent 
hushing of the face, with or without tears, induced in the patient a strange 
but not disagreeable feeling. The heart rate changes, as registered by the 
electrocardiograph and recorded simultaneously with the inhalation of the 
amyl nitrite vapor, were very different. In some eases the heart rate remained 
unchanged, but in the majority it increased forty to fifty pulsations per min- 
ute, then returned to the initial rate within one or two minutes. In the group 
of healthy persons the measurement was reliable in every ease. 

Decompensated Cardiac -Patients (Table II ). — The experience acquired in 
the examination of one hundred fifty patients with different degi*ees of heart 
failure reinforces the established correlation between the intensity of the warm 
sensation provoked by the inhalation of amyl nitrite vapor and the velocity 
of the blood flow. In general, the heat sensation in the faces of decompensated 
cardiac patients decreased with diminished blood velocity, and in advanced 
stages it was impossible to establish any reaction. Above an a.c.t. of 50 sec- 
onds, the warm sensation was very mild or practically imperceptible by the 
patient. The measured values of the a.c.t. of decompensated cardiac patients 
were larger than those of people in normal health, and a tendency existed, but 
not in a mathematical sense, to find a prolonged circulation time associated 
with cases of a more advanced degree of decompensation, judged by the suli- 


TabiiE II. Decompensated Cardiac Patients 


NUM- 

BER 

NAME 

AGE 

(VRS.) 

BLOOD 

PRESSURE 
(MM. HG.) 

vital 

CAPACITY 

(C.C.) 

dysp- 

nea 

A.C.T. 

(SEC.) 

CLINICAL DIAGNOSIS 

1 

ivr. s. 

64 

150/ 80 

1,800 


54 

Arteriosclerotic heart disease 

2 

F.M. 

60 

120/ 80 

1.900 

•r-H- 

47 

Arteriosclerotic heart disease 

3 

J.D. 

60 

130/ 50 

2', 000 

-i- + 

45 

Aortic insufficiency 

4 

M.E. 

4G 

120/100 

1,800 

j-~ + 

45 

Mitral valvular lesion 

5 

r.D. 

78 

110/ 60 

3,400 

+ - + 

45 

Aortic insufficiencv 

G 

J.TJ. 

60 

130/ 50 


J- + 

40 

Aortic insufficiencv 

7 

E.N. 

73 

90/ 50 

1,600 

+ + -r 

39 

Arterial hypertension 

8 

M. C. 

60 

200/140 

1.000 

4. i 

35 

Arterial hypwtcnsion 

9 

M.R. 

38 

120/ 80 


+ -^-r 

35 

Mitral valvular disease 

10 

N.G. 

70 

140/ 90 

2,400 


34 ' 

Arteriosclerotic heart disease 

11 

M. G. 

55 

90/ 70 

2, GOO 

+ + 

34 

Chronic nivocardial infarction 

12 

I. P. 

58 

90/ 60 

2,500 

u. ^ 

34 

Arteriosclerotic heart disease 

13 

H. L. 

59 

150/ 10 

3.100 

•r 

34 

Arterial In-pertension 

14 

J. M. 

64 

120/ 60 

1,600 

+ ~ 

32 

Cor pulmonale 

15 

P.L. 

63 

120/ 90 

1,600 

*$- -f* 

32 

Arteriosclerotic heart disease 

IG 

G. F. 

' 60 

120/ SO 

2,400 

- 

32 

Arteriosclerotic heart disease 

17 

D.R. 

62 

140/ SO 

3,200 

-f-i- 

32 

Arteriosclerotic heart disease 

IS 

A. B. 

51 

100/ 60 

2,800 


32 

Arteriosclerotic heart disease 

19 

K. K. 

42 

120/ 70 

3,000 

•4* 

32 

Chronic mj'ocardial infarction 

20 

A.P. 

56 

120/ SO 

2,100 


31 

Arteriosclerotic lieart disease 
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jective symptoms of sliortness of breath and the objective findings of pulmo- 
nary and hepatic congestions and edemas. According to the experience acquired 
by the systematic application of amyl nitrite for the measurement of circula- 
tion time, the vital capacity is the objective sign which is most intimately 
related to the velocity of the blood flow. Diminished vital capacity, with other 
characteristic respiratory factors of cardiac origins that indicate pulmonary 
congestion and more enlarged cross section of the pulmonary vascular tree, 
was constantly accompanied by prolonged amyl nitrite circulation time. This 
correlation appeared evident not only by the comparison of the absolute values 
of vital capacity in different individuals, but especially in the same person in 
different conditions of compensation. 

Compensated Cardiac Patients (Table 7/7;.— These cardiac patients showed 
an a.c.t. wliicli was quite normal or slightly prolonged, -with a normal or slightly 
diminished warm sensation. Among the different objective signs of heart 
failure, the parallelism between vital capacity and amyl nitrite circulation 
time was remarkable. 


Table III. Compeksated Cardiac Patients 


NUM- 

BER 

NAME 

AGE 

(ms.) 

BLOOD 
PRESSURE 
(JIM. IIG) 

VITAL 

CAPACITY 

(C.C.) 

A.C.T. 

(SEC.) 

CLINICAL DIAGNOSIS 

1 

E. B. 

31 

100/60 

2,100 

27 

Mitral stenosis 

2 

E. G. 

31 

110/70 

2,700 

27 

Mitral stenosis and insufiiciency 

3 

J. A. 

48 

130/90 

2,600 

25 

Chronic myocardial infarction 

4 

J.E. 

45 

90/70 

2,700 

24 

Angina pectoris 

5 

E. J. 

56 

120/80 

3,000 

23 

Angina pectoris 

6 

S. U. 

49 

110/70 

3,000 

21 

Angina pectoris 

7 

V.C. 

65 

100/70 

3,100 

20 

Angina pectoris 

8 

A. H. 

48 

120/70 

4,300 

20 

Aortic insufiiciency 

9 

G. L. 

56 

140/80 

3,400 

18 

Arteriosclerotic heart disease 

10 

.LB, 

61 

110/70 

4,200 

17 

Chronic myocardial infarction 


To illustrate this parallelism between the velocity of blood flow measured 
by amyl nitrite and the clinical aspects during different conditions of the com- 
pensation, the following cases are quoted ; 

Case 1. — ^E. E., aged 73 years, ■was 166 cm. in height, and "weighed 71 kilograms. He 
consulted his physician because of shortness of breath, dyspnea on exertion, insomnia, and 
nocturnal attacks of paroxj-smal dyspnea. Physical e.xamination revealed a slight degree 
of cyanosis, conjunctival jaundice, jugular ingurgitation, edema of the lo'u'er extremities, 
moist rales at the bases of both lungs, diminished heart sounds, and existence of a gallop 
rhythm. The liver -was palpable for 4 fingerbreadths belo'w the costal arch. The blood 
pressure ■was 90/50. Eoentgenologic examination showed enlarged hilar shadows, pulmo- 
nary areas TAutli congestive aspects, intense diminution of the transparency, and a certain 
amount of hydrothorax on both sides. The heart was generally enlarged with a greater 
preponderance of the left ventricle; the long diameter measuring 15 centimeters. The 
movements of the heart shadow were diminished. The electrocardiogram showed sinus 
rhythm •with a heart rate of 92 per minute and with electrical left axis deviation. Pi was 
positive; P. was isoelectric; and P, "was negative. E. was notched; Ti was negative; T, 
was isoelectric; and T^ was positive. The S-T junction in Leads I and II was below the 
reference level and, in Lead III, was slightly above. PQ measured 0.20 second and QEb 
0.10 second. 

Diagnosis: myocardial damage, both auricular and ventricular, and signs of intra- 
ventricular conduction trouble. In this condition the vital capacity measured 1,600 c.c. and 
the a.c.t. was 39 seconds. Treatment "was initiated immediately with strophanthin com- 
bined with aminopliylline intravenously every day, to which one ampule of Esidrone was 
added every live days. After twenty days of treatment the patient improved noticeably 
and a control examination revealed no signs of pulmonary congestion. The liver was 
smaller (its inferior border "was palpable 2 fingerbreadths below the costal arch), and the 
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edema of the legs had disappeared. The blood pressure rose to 115/50; the pulse rate 
diminished to 72 per minute. The vital capacity increased to 2,500 c.c., and the amyl 
nitrite circulation time was reduced to 17 seconds. 

In the next two weeks the patient, against medical advice, took no medicines, a mis- 
take which rapidly resulted in a severe setback, and a clinical examination showed him to 
be in the same condition as he was before treatment began. The vital capacity was 
exact!}' the same, i.e., 1,600 c.c. and the a.e.t. of identical value, 39 seconds. 

Case 2. — ^E. C., 60 years of age, had lo^pertension and congestive heart failure. She 
was suffering from shortness of breath, dyspnea on exertion, and a cough for more than 
ten years. Examination revealed that the patient had slight cyanosis in the face and 
ingurgitated veins in the neck with irregular pulsations. There was very pronounced 
anasarca in the legs. The liver was palpable at the level of the navel, and ascites was 
present. Auseulation revealed rare moist rales at the bases of the lungs, and the heart 
sounds were accentuated with a systolic murmur at the apex. The roentgenologic exami- 
nation showed clear pulmonary areas Avith slight liydrothorax in the left side. The heart 
shadow was extremely enlarged, especially the left ventricle which was in contact with 
the thoracic Avail. The long diameter was 22 cm.; the arch of the right auricle Avas pro- 
nounced; the shadoAA' of the aorta Avas .slightly enlarged; and the descendent segment was 
A’isible in the intrathoraeic trajectory. The electrocardiogram shoAved auricular fibrillation 
with a A'entricular rate of 100 per minute. There was a left a.xis deviation. E, Avas the 
predominant Avave of the A-entricular complex in the first lead and Sj in the third lead; 
both Avere notched. T, and T- Avere negatiA'e, and Tj Avas positiA'c. The S-T junction was 
deeply depressed beloAv the isoelectric line in the first, and above it in the third, lead. 
QRS measured 0.12 second. 

Diagnosis: auricular fibrillation, left bundle branch block, and myocardial damage. 
The blood pressure Avas 180/120. The a.e.t. result in this condition Avas 32 seconds. 

In the folloAving twenty days treatment aa'Us begun Avith A’enescction, 600 c.c., stroph- 
anthin with aminophylline intravenously in combination Avith sulyrgan every four days. 
The patient was feeling much better and the objective signs of the decompensation Avere 
reduced. In this improved condition of compensation the circulation accelerated and meas- 
ured 23 seconds by amyl nitrite. During the next month the strophanthin Avas replaced 
by digital but Avith no satisfactory results, and the patient returned with marked dyspnea 
and periodic breathing; the edemas also reappeared. The result of the measurement of 
the circulation time, in the patient’s impaired condition, Avas 35 seconds. 

In this obserA'ation the a.e.t. Avas a true indicator of the altered condition of the 
circulation and shoAA'ed parallelism Avith the clinical asiject. 

Case 3. — E. G., 50 years of age, Aveighed 74 kg. and Avas 172 cm. in height. Eight 
years prcA'iously he had suffered from an attack of rheumatic fever and since then had 
begun to notice shortness of breath and pain in the chest AA-ithout irradiation. The physical 
examination disclosed a pale patient with Ausible arterial pulsation in the neck. The liA'cr 
was palpable 2 fingerbreadths beloAv the right costal margin. The apex impulse was pal- 
pable in the sixth intercostal space in the anterior axillary line. Moist rales were heard 
at the bases of the lungs posteriorly. Over the aortic focus an intense sisto diastolic mur- 
mur was heard, which was transmitted to the large vessels. The roentgenologic examina- 
tion showed an enlarged heart shadoAV in “aortic configuration,” and the heart measured 
IS. 7 cm. in length. The electrocardiogram shoAved sinus rhythm with a heart rate of 96 
l)er minute. Left axis preponderance Avas present, S, biphasic, T, and T. negatiA’e, and Tj 
isoelectric. The S-T segment Avas displaced to beloAv the isoelectric Ica'cI. Arterial pres- 
sure was 120/60, A’ital capacity, 1,600 c.c., and the a.e.t., 2S.5 seconds. Treatment Avas be- 
gun with digitalis, and the patient improved after tAA'enty days, Avhen the a.e.t. reached 
24 seconds. Three months later the patient’s condition Avas imiAroA'ed further still, and the 
A’ital capacity Avas 2,200 c.c. and the a.e.t., 20 seconds. 

In this case the clinical improvement and the changes in A-ital capacity and circula- 
tion time clearly demonstrate parallelism. 

Case 4. — M, G., aged 60 years. Clinical diagnosis: chronic myocardial infarction and 
cardiac insufiiciency. Three years preA’iously he had suffered coronary thrombosis, and, 
since then, he had noticed shortness of breath, Avhich had become more intense. Physical 
examination shoAved congestion of the lungs and diminished heart sounds. There Avas a 
loud systolic murmur heard over the apex area. The inferior edge of the li\'er was pal- 
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pable 3 iingerbreadths below the right costal margin. Eoentgenologic examination de- 
tected a generally enlarged heart shadow with a preponderance of the left ventricle and 
a longitudinal diameter of 18.5 centimeters. Tlie electrocardiogram showed sinus rhytlim 
with a heart rate of 75 per minute. Electrical axis deviation was absent. Qj and Qj, were 
deep with notching; Tj and Tj, were isoelectric; and Tj, was negative. In the precordial 
Lead Gr 4 a small E wave was present, not larger than 1 millimeter. T was positive and 
the S-T junction was elevated above the zero line. PQ measured 0.20 second and QES, 
0.10 second. The electrocardiographic signs described indicate myocardial damage as in 
cases of chronic myocardial infarction of the anterior wall of the left ventricle. The 
measured vital capacity was 2,600 c.c., and the a.c.t. was 34 seconds. After being treated 
for a month with strophanthin and deriphyllin intravenously, the patient was noticeably- 
improved. A repetition of the same examination resulted in 3,000 c.c. for the vital capac- 
ity and 29 seconds for the amyl nitrite time — an improvement in both factors. 

Case 5. — J. V., 49 yeaz-s of age, had rlieumatic heart disease with mitral stenosis and 
cardiac insufficiency. His chief complaints were shortness of breath, palpitation, and swell- 
ing of the abdomen. Eales were present in both lung bases; the heart rhythm was totally 
irregular, rate, 100. There was an accentuation of the first sound over the apex and a 
^ diastolic murmur. The second sound was accentuated over the pulmonary area. The roent- 
genologic examination detected a cardiac enlargement in all diameters with mitralization 
and an enlargement of the pulmonary vessels with duninished transparency of the pulmo- 
nary areas. The electrocardiogram showed auricular fibrillation, no electrical axis devia- 
tion, an isoelectric T„ a flattened T,, and a positive Tj. In the precordial Lead CPi there 
was a profound displacement of the S-T intervals below the isoelectric line. The blood 
pressure was 90/60; the vital capacity was 2,500 c.c.; and the circulation time, measured 
by amyl nitrite, was 30 seconds. The treatment employed consisted in taking digital in 
intermittent form combined with one injection of salyrgan weekly, which brought the 
patient to a satisfactorily improved condition, and, four months later, the tests taken 
showed a vital capacity of 3,000 c.c. and an a.c.t. of 19 seconds. 

Case 6. — ^K. K., aged 45 years, weighed 89 kg. and was 191 cm. in height. He had 
arterial hypertension and complained of high blood pressure, nervousness, and slight short- 
ness of breath on exertion. The clinical examination revealed a normal lung condition, 
and the heart sounds were clear and of normal intensity. Eoentgenologic examination 
showed enlargement of the heart shadow to the left with a longitudinal diameter of 16.5 
centimeters. The electrocardiogram showed a sinus rhythm of 60 contractions per minute 
with pronounced left axis deviation. T, was negative; T- and Tj were positive; and the 
S-T, interval was deeply displaced below the isoelectric line. The auriculoventricular con- 
duction time was 0.20 second, and QES was 0.10 second. These electrocardiographic find- 
ings were as usual in cases of marked hj'pertrophy of the left ventricle as in hypertensive 
heart disease. The arterial blood pressure was 170/120, the vital capacity, 4,000 c.c., and 
the a.c.t., 37 seconds. The treatment prescribed consisted of small doses of digital con- 
tinuously, combined -ndth tablets of aminophylline and phenobarbital. The patient came 
back after three months, reported improvement, and examination at that time revealed 
an arterial pressure of 150/110, a vital capacity of 4,500 c.c., and an a.c.t. of 29 seconds. 

In aU tliese observations, according to the clinical improvement, the objec- 
tive signs of a better circulation as -well as the vital capacity and the amyl 
nitrite circulation time showed parallelism, i.e., values nearer to normal. 

Acceleration of the Circidation (Table IV). — In this small group of patients 
who clinically showed multiple evidence of hyperth 5 n‘oidism the a.c.t. "was defi- 
nitely shortened, rising to 8 seconds, which is equal to one-third of the normal 
value, i.e., there exists a strongly accelerated circulation. In these eases the 
intensity of the heat sensation in the face was very sharp. There was burning, 
intense flushing, pronounced tears, violent palpitation — ^not only in consequence 
of hemodynamic causes (greater concentration of amyl nitrite vapors in the 
peripheral blood following a more rapid transportation by the accelerated circu- 
lation) — ^but because, in this condition, a greater nervous excitability exists. 
However, this undesirable side action of amyl nitrite, apart from the neiwous 
impression, causes no serious trouble. In regard to the correlation of the velocity 
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Table IV. Acceleration of the Circulation 


NUM- 

BER 

NAME 

AGE 

(yrs.) 

BLOOD 
PRESSURE 
(MM. HG) 

WT^VL 

capacity 

(C.C.) 

A.C.T. 

(SEC.) 

CLINICAL 

DIAGNOSIS 

1 

G. A. 

34 


3,200 

8 

Hj-perthyroidism 

2 

N. B. 

27 


3,600 

10 

Hyperthyroidism. 

3 

A. G- 

30 


3,000 

11 

Hj-pertliyroidism 

4 

J.O. 

33 


3,500 

12 

Hyperthyroidism 

5 

G. B. 

44 


3,800 

13 

Hyperthyroidism 


of tlie blood flow to the vital capaeity, the obsei’vation can be made, that iiot- 
withstandiug the fact that the vital capacity shows normal values, the cyphers 
that were found represented the minimal variation within the proportional. 
There are certain divergences between the relative high speed of the blood flow 
and the relative low amount of air expressed by the vital capacity. 

Vulmonary Emphysema (Table Y ). — In this characteristic group of patients 
who complained principally of shortness of breath and dyspnea on exertion, and 
in whom the clinical examination revealed no evidence of cardiac disease, or only 
in such a slight degree that it did not elucidate their intensive reduction of the 
functional capacity, and who generally showed a significantly diminished vital 
capacity, the amyl nitrite circulation time was perfectly normal or slightly 
prolonged. Although the amyl nitrite vapors inhaled were only a fraction of 
the amount normally introduced, as a result of the reduced respiratory air 
volumes, the intensity of the warm sensation in the face was perfectly normal 
in these cases of pulmonary emphysema. Among them it is impossible to 
recognize a parallelism between the vital capacity and the circulation time 
because very different values of vital capacity can be associated with an 
identical value of blood velocity. The experiments made by measurement with 
amyl nitrite affirm the integrity of the circulation in cases of bronchial asthma 
or emphysema where the cause of the shortness of breath is due to pulmonary 
(respiratory) factors and not to circulatory failure. Of course, if the em- 
physema is of long duration, or if it comprises the heart, the amyl nitrite time 
will be prolonged as in any other ease of heart failure. 

The normal intensity of the warm sensation in emphysematous patients 
demonstrates that the amount of amyl nitrite vapors inhaled in one breath is 
sufficient for its production, and a greater quantity does not provoke a short- 
ening of the amyl nitrite circulation time. 


Table V. Pulmonary Patients 


NUM- 

BER 

NAME 

.\GE 

(YRS.) 

BLOOD 
PRESSURE 
(MM. HG) 

WTAL 

CAPACITY 

(C.C.) 

A.C.T. 

(SEC.) 

CLINICAL DI.VGNOSIS 

1 

I. D. 

57 

160/ 90 


22 

Bronchial asthma, emphysema 

2 

A. P. 

62 

110/ 80 

1,000 

25 

Emphysema 

3 

A. Iv. 

60 

130/100 

1,100 

26 

Emphysema 

4 

C.B. 

54 

120/ 70 

1,200 

22 

Bronchiectasis, emplp'sema 

5 

E. D. 

28 

130/ 90 

2,100 

15 

Bronchial asthma 

6 

E. Q. 

46 

120/ SO 

2.200 

22 

Emphysema 

7 

E. S. 

54 

120/ 70 

2,200 

19 

Tuberculosis, chronic fibrosis 

8 

F. V. 

70 

140/ 90 

2,200 

27 

Chronic bronchiectasis, emplivseraa 

9 

F. S. 

68 

130/ 90 

2,200 

23 

Emphysema 


J.S. 

55 

140/100 

2,300 

21 

Emphysema 


Duplicate Measurement (Table Yl ). — ^In several eases duplicate measure- 
nienls were taken. A second test was made ten minutes after the first one, with- 
out any noticeable discomfort to the patient. The results of the second measure- 
ment were identical with the first in the majority of cases, or differences were 
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Table VI. Duplicate Measurements 


number 

FIRST 

MEASUREMENT 

(.SEC.) 

SECOND 

MEASUREMENT 

(SEC.) 

DIFFERENCE 

(SEC.) 

CLINICAL DIAGNOSIS 

1 

29 

29 

0 

Arteriosclerotic heart disease' 

2 

22 

22 

0 

Normal 

3 

19 

21 

2 

Thyrotoxic heart disease 

4 

45 

47 

2 

Arteriosclerotic heart disease 

5 

32 

35 

3 

Arteriosclerotic heait disease 

6 

24 

27 

3 

Arteriosclerotic heart disease 

7 

24 

28 

4 

Arteriosclerotic heart disease 

8 

39 

34 

5 

Arterial hypertension 

9 

24 

19 

5 

Normal 

10 

17 

25 

8 

Normal 


registered of between two to five seconds only. In some rare instances the 
differences were larger. This inconstancy of amyl nitrite measurement (which 
has also been observed in other methods such as Lilienfeld and Berliner’) is a 
peculiarity not yet explained, neither by the methods nor by the circulation 
itself. 

Comparative Measurement With Other Methods (Table VII). — In a small 
group of ten healthy persons simultaneous measurements were made of the arm- 
to-tongue time by calcium bromide*’ (1 e.c. of 50 per cent Br. 2 Ca.), the arm- 
to-lung time by ether, and the lung-to-faee time by amyl nitrite. The results of 
these simultaneous measurements by different methods gave concordant values, 
i.e., normal for each system of determination, but it was not possible to find 
numerical equivalents between the different methods employed. The calculated 
value of lung-to-faee time, i.e., the indirect determination of the functional 
capacity of the left ventricle will be obtained by subtracting the ether time from 
the total circulation time, (the calcium bromide time), the remainder being the 
lung-to-faee time. In each case observed, the number of amyl nitrite seconds 
equivalent to the corresponding number of calcium seconds was always different. 
However, the same criticism may be justly applied, in general, to all systems of 
measuring circulation time, because it is erroneous to consider as equal one sec- 
ond of ether time and one second of calcium, decholin, histamine, or amyl 
nitrite time. 


Table VII. Comparative Measurement of the Velocity of Blood Flow 

IN Normal Persons 


NUMBER 

NAME 

AGE 

(TRS.) 

AMYL 

NITRITE 

(SEC.) 

CALCIUM 

BROMIDE 

(.SEC.) 

ETHER 

(SEC.) 


1 

G. C. 

16 

24 

13 

7 


2 

M. A. 

45 

22 

12 

7 


3 

H. A. 

22 

22 

12 

7 


4 

Z. C. 

30 

20 

12 

8 


5 

F. 0. 

29 

21 

13 

7 


6 

D. C. 

42 

21 

17 

6 


7 

C. P. 

30 

20 

14 

8 


8 

G. P. 

46 

20 

13 

7 


9 

P.S. 

29 

18 

15 

8 


10 

E. C. 

16 

16 

10 

8 

— 


Impracticable Measurement. — In the series of one hundred fifty cai'diae 
patients the measuring of the circulation time by amyl nitrite failed in seven 
cases. Five of these were cardiac patients in a condition of severe decompensa- 
tion with intense pulmonary engorgement and edemas. Either the heat sensa- 
tion ill the face was very feeble so that the patient hardly felt it, or it was simply 
'absent. A repetition of the measurement on the same day gave an identical 




GROSS: MEASUREMENT OF LUNG-TO-FACE TlilE BY A5IYL NITRITE 27 

result. After commeiicmg adequate treatment, new measurements were taken 
when the conditions had improved and showed, according to the degrees of de- 
compensation, a prolonged hut definite circulation time. The other two 
patients were individuals Avho betrayed slight mental symptoms, such as 
depression, because of intense edema and slight uremic retention, respectively. 
In these cases satisfactoiy mental collaboration was not obtained. 

Incidents . — ^In the case of a patient suffering from acute glomerulonephritis 
with a blood pressure of 200/120, a* very intense headache appeared after he had 
inhaled the amyl nitrite vapors and marked a circulation time of 26 seconds. 
The headache lasted for ten minutes and passed away without any consequences. 
This headache also appeared in other cases of hypertension, but 'in a milder 
degree. Consequently, in order to avoid this inconvenience, measurement has 
been omitted in cases where the blood pressure is higher than 200. '> 

DISCUSSION , ‘ 

Amyl nitrile, introduced into therapeutics by Brunton,® in 1867, has been 
studied intensely in order to explain the mechanism of its action. According 
to the actual stage of our knowledge, the vasodilation produced by the inhaling 
of its very volatile vapors is caused by its direct action on the unstriated muscle 
of the peripheral vessels, both arteries and veins. Ciishny’® pointed out that 
the peripheral effect of the amyl nitrite can easily be demonstrated by experi- 
ments made on the amputated legs of animals — the amount of perfusion liquid 
that was leaving the vein rose immediately if some drops of this substance 
were introduced mth the liciuid of perfusion into the artery of the amputated 
leg. The appearance of flushing and heat in the face indicates the arrival of 
the blood containing amjd nitrite at the vascular territory of the face and thus 
represents the end point of the measure. The run of the amyl nitrite inhaled 
begins with the respiratory tract, from the trachea to the alveoli, where it 
reaches the extensive capillary bed of the lungs and is absorbed. From the 
pulmonary capillaries the veins of the lungs carry it to the left heart and from 
here it is taken to the arterial circulation. 

Evidently the expression amyl nitrite circulation time does not mean' ex- 
clusively the objective time duration of the blood movement from the initial 
point to the end of the trajectory, but it represents the sum of different sub- 
times, among which the most important are (1) the duration of one deep 
inspiration, (2) the velocity of absorption through the alveolar membrane. (3) 
the time required for the transfer of the blood from the pulmonary capillary 
area to the vascular bed of the face, (4) the time required to produce the 
warm sensation, (5) the time of the psychomotor reaction of the patient, in- 
dicating the presence of the warm sensation, and (6) the time of the psycho- 
motor reaction of the observer who is recording the circulation time. 

The decisive factor in determining the numerical value of the circulation 
time is, without doubt, the real circulation time, i.e., the duration of the circu- 
latory movement of the blood from the initial point to the end point of the 
trajectory, while all the other factors mentioned are of secondary importance. 
The duration of a deep breath, determined in many cases, i-anged between 1 
and 1.5 seconds following the introduction of the amyl nitrite vapors into the 
circulation by a deep breath required identical times as the intravenous injec- 
tion of 1 or 2 e.c. of an aqueous solution employed for the measurement of 
the circulation time. The condition of the nervous state, especially the clear 
sensorium. whose influence we cannot appreciate quantitatively, must, never- 
theless, be attended to. 
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The amyl nitrite circulation time must be considered as the average value 
of the fastest transport of blood from the pulmonary capillaries to the minute 
vessels of the face. It is a peculiarity of the amyl nitrite measurement that the 
amount of vapors inhaled is not exactly dosed, but experience demonstrates that 
the amount of amyl nitrite vapors inhaled by a deep breath is more than suffi- 
cient to provoke a definite sensation of warmth in the face, because, in conditions 
of bronchial astlima or emphj’sema, the amount of air inspired is only a third 
or a fourth of the normal, jmt tlie appearance of the heat sensation occurred in 
times and intensity considered as normal, too. A larger amount of amyl nitrite 
by forced deep imspiration did not shorten the appearance of the warm sensation, 
but it did reinforce its intensity. According to all these considerations, the most 
rapid and the most intense warm sensation "vvill be observed in hj'perthyroidism, 
where the effective rapid blood velocity allows the amval of amyl nitrite, inhaled 
in normal amounts, in higher concentrations in the periphery and to all these 
hemodynamic reasons must be added the increased nervous sen.sitivity, char- 
acteri.stic of this condition, that reinforces the intensity of the warm sensation. 
The inverse takes place in heart failure. The amount of inspired amyl nitrite 
is diminished folloAnng the decreased respiratory volume, the velocity of the 
blood flow is le.ss, and the concentration of amyl nitrite in the blood is lower, 
not only as a consequence of the slower circulation, but also on account of the 
higher degree of dilution determined by the increased amount of blood con- 
tained in the enlarged cross section of the pulmonarj^ vascular bed. 

The close relation existing between the a.e.t. and the vital capacity indi- 
cates the importance of the state of the pulmonary circulation, the degree of 
opening, and blood repletion to the velocity of blood flow. The experiences 
with measurements of amyl nitrite indicate the tendency of a parallelism in 
different persons showing fastest circulation in cases of increased values of 
A-ital capacity, while the repeated measurements in the same indmduals dur- 
' ing treatment of decompensation corroborate the same obseiwation. The 
changes of the width of the cross section of the pulmonary vascular tree and 
the changes of their blood content unquestionably are the most important 
factors for the delay of circulation in regard to the trajectory measured by 
amyl nitrite. The .suggestions of Nylin^* about the importance of intracardial 
residual blood as a retarding factor for the circulation has been .studied in 
the present work. The heart volume was estimated radiologicaUy by the 
Kohrer-Kahlstorff^ method, -vvithout possibilities of establishing correlation in 
a definite sense bertveen cardiac volume and circulation time because the 
heart volumes were greatly enlarged (f.i. 1,250 c.c. or more) vdth normal short- 
ened circulation time (17 seconds [a.e.t.]). But it seems without question that 
this new point of view of the intracardiac congestion with the resulting in- 
creased volume of residual blood represents another possibility for hemo- 
dynamic interpretation of prolonged circulation time. 

The circulatory trajectory measured by amyl nitrite corresponds properly 
to the left ventricle. However, based on the results of amyl nitrite measure- 
ment, an accurate differentiation between left or right ventricular failure is 
impossible, because the same values of circulation times can be observed in 
both eases. The multiple biologic compensations between the hemodjmamic 
factors of the circulation can neutralize partial effects, thus eompen.sational 
adaptive changes of systolic output, circulatoiy blood volume, cross section of 
the vascular bed, and even functional short circuits can determine great in- 
dividual variability in the resulting value of circulatory velocity. In eases of 
sli<^ht decompensation, precisely within the compensatory capacity of the 
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circulation, the a.c.t. can remain perfectly normal or scarcely prolonged and 
only if tlie degree of heart failure overwhelms the compensation capacity of 
the circulation will it he prolonged. As a matter of fact, in the clinical picture 
there was no parallelism between the intensity of subjective discomfort, espe- 
cially shortness of breath, and prolongation of a.c.t., but it is true that in ad- 
vanced cases of decompensation the a.c.t. never was normal and in normal 
conditions of the circulation the amyl nitrite measurement never was* pro- 
longed. For all these reasons, as much theoretical as practical, the value of 
the measurement of the circulation time must be interpreted individually. 


SIBIMARY 

1. A new method for the measurement of the lung-to-face circulation time, 
using amji nitrite as an agent, is outlined. The technique of administration is 
described, and normal values and their correlations are established. The method 
is simple, needs no apparatus nor assistants, and can be performed by the 
examiner alone. 

2. The amyl nitrite circulation time (a.c.t.) measures the functional 
capacity of the left ventricle and is determined essentially by the condition 
of the pulmonary circulation recognizable by the vital capacity. There exists 
a tendency of parallelism as much in the absolute value of both factors as 
especially in their modifications in different conditions of compensation in 
the same person. 

3. The inverse correlation is established between the a.c.t. and the in- 
tensity of the warm sensation: more intense heat with shortened circulation 
time and vice versa. 

4. In conditions of heart failure, the a.c.t. is prolonged, and the intensity 
of the warm sensation is diminished, but there is no strict parallelism vith 
the clinical features. 

5. In hyperthju’oidism the a.c.t. is shortened and the inteiisitj” of the warm 
sensation is strongly reinforced. Emphysema or bronchial asthma, not com- 
plicated by heart failure, are characterized by normal a.c.t. and normal in- 
tensity of the warm sensation. 

. 6. Subminimal a.c.t., except for existing intracardial or arteriovenous .short 
circuits, never is obseiwed with cardiac failure,- largely prolonged a.c.t. never is 
observed without heart failure. Medium values of a.c.t. are as compatible in 
persons of normal circulation as in those with slight failures of it. 

7. A differentiation between left or right ventricular failure is not possible, 
based upon the amyl nitrite measurement. 
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COAECTATION OP THE AORTA 

Report op Two Cases, Relating CLiAHC^tL Data to Degree op Con,striotion 
Measured at Autopsy, With a IMethod op Standardization 
for Related JIeasueements 

Donald deP. Bauer, M.D., jM.Sg., and Hvlla Iverson, M.D. 

Durham, N. C. 

T he following tivo cases illustrate the difficulty sometimes encountered in 
the diagnosis of aortic coarctation. Both represent modes of death that 
are not common in this disease. 


case reports 

Case 1, — This 20-year-old white man is known to have been rejected by the Armed 
Porces in Pebruary, 191-3, because of liypertension (sj’stolic blood pressure about 180), 
Several months before death he was examined at this clinic because of abdominal pain, 
nausea, and vomiting. At that time his blood pressure was 160, systolic, and 70, diastolic. 
Pour weeks before death, in .January, 1944, he was admitted with complaints of frontal 
headaches, facial edema, and dimness of vision. He told about an episode of chills and 
fever .followed by joint pains, occurring late in 1943, and recurring about one month later, 
accompanied by hematuria and nocturia. At that time he noted small, painful, red nodules 
on his legs. 

Physical Examination . — The patient was a pale, undernourished young adult with 
moderate, generalized edema. On his breath was a uriniferous odor. The left border of 
the heart extended 11.5 cm. to the left of the midsternal line in the fifth intercostal space. 
A blowing systolic murmur was heard best in the mitral area. The second aortic sound 
was louder than the second pulmonic sound. The liver was palpable 3 fingerbreadths below 
the costal margin. 

The blood pressure was taken in all extremities. It was 30 degrees higher, systolic, 
and 5 to 15 degrees higher, diastolic, in the arms than in the legs. Throughout his illness 
the right brachial pressure averaged 180, systolic, and 90, diastolic. Comparison of bracliial 
and crural pulses was not made. 

Pertinent laboratory data appear in Table I. The patient was treated for his obvious 
kidney ailment, to which his hypertension was thought to be related. For most of his 
course, his temperature was subnormal; it was definitely not septic. No blood cultures 
were taken. The highest temperature reading was 38.5° G. He died on the twenty-fourth 
hospital day in circulatory failure and uremia. 

Autopsy (Duke 3981). — ^The heart weighed 470 grams. The dilated left ventricle was 
2 cm. thick. On both sides of the interventricular septum was a dense, white endocardial 
thickening, closely related to the septum fibrosum, suggesting late closure of a ventricular 
septal defect. The aortic valve was bicuspid. No other intracardiac anomalies were pres- 
ent. The measurements of significance regarding the heart and aorta are given in Table II. 

From the Department of Pathology*. Duke University School of Medicine, Durham, 
North Carolina. 

deceived for publication Sept. 26. 1944. 
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Table I. Laboratory Data 


date 

.VD- 

MITTED 

B.P. 

EGG 

HGB. 

r.b.g. 

av.b.c. 

SED. 

RATE 

N.P.X 

iliCR. 

■ URINE^ 

BL. 

CUL.i 

■WT. 

(LB.) 

Jan. 

1944 

180/90 

Slight 

left 

axis 

devia- 

tion 

6.5 

61 M 

Case I 
10,800 

15 

153- 

210 

2 to 3 
W.B. C./ 
HPFt 

5 to 20 
E.B.C./ 
HPF 

None 


Sept. 

1943 

140/80 

Slight 

left 

axis 

devia- 

tion 

10.4 

3.43 M 

Case II 
4,160 

26 

28 

Neg. 

Alpha 

Strep- 

tococci 

(3x) 

133 

Oct. 

1943 

150/70 

Slight 

left 

axis 

devia- 

tion 

11 

3.73 M 

7,240 

0 

30 

1 to 4 
W.B.G./ 
HPF 

Alpha 

Strep- 

tococci 

(3x) 

125 

Feb. 

1944 

130/70 

Slight 

left 

axis 

devia- 

tion 

6.1 

1.63 M 

5,200 

14 

24 

5 to 20 
W.B.C./ 
HPF 

10 to 25 
R.B.C./ 

Alpha 

Strep- 

tococci 

(3x) 

121 


HPF 


•MJci’oscopic study of urine. 
fBlood culture. 

JHigli-power field. 

The great branches of the aortic arch were situated in normal relation to one another. 
The ostium of the left subclavian artery was considerably enlarged. Two centimeters be- 
low this, just at the level of the aortic end of the ligamentum arteriosum, there was a 
2 mm. thick diaphragm with a central opening having a circumference of 1.5 centimeters. 
The right half of the aorta, distal to the coarctation, was covered with large, friable vege- 
tations. These proved to be attached to thrombotic material within an aneurysm 4 by 3 
cm. in diameter. The second right intercostal artery was found on the inferior wall of the 
aneurysm, but the first right intercostal artery was lost in the aneurysmal formation. 
Cultures from purulent material in the aneurj'sm grew alpha streptococci. The outer limit 
of the aneurysm was formed by the esophageal wall, considerable destruction of which was 
evident grossly and microscopically. The iliac arteries were not dilated. 

No other bacterial aneurysms were encountered. Clear fluid was found in all serous 
cavities (2,000 c.c. in the abdomen). Old and new infarcts marked the soft, flabby spleen 
(weight, 250 grams) and the gray-yellow kidneys. The latter were speckled with hemor- 
rhages and, microscopically, showed a marked degree of damage from subacute diffuse and 
embolic glomerulonephritis. 


Table II. Standardized ^Ieasurements 


NUMBER 

AIEAS- 

URED 

‘ MEAN 
(C.M.) 

STAND- 
ARD DE- 
VI.ATION 

ST.VND- 

ARD 

ERROR 

CASE I 
(CM.) 

CASE 11 
(CM.) 

Left ventricular wall 

9 

1.53 

.260 

.062 

2.0 

2.0 

Aortic ring, circumference 

8 

6.35 

.247 

.064 

6.0 

6.0 

Aorta 2 cm. from base 

9 

5.82 

.598 

.143 

5.0 

6.0 

Innominate ostium 

9 

2.87 

*ooS 

.133 

2.8 

3.8 

Subclavian ostium 

9 

2.03 

.297 

.071 

3.5 

1.5 

Aortic circumference at 







subclavian artery 

10 

4.38 

.299 

.068 

3.5 

2.5 

Coarct.ation circumference 







1.5 

2.0 

Aorta at fourth intercostal artery 

10 

4.21 

.227 

.052 

5.0 

4.0 

Aorta at seventh intercostal artery 

10 

3.97 

.224 

.051 

3.4 

3.5 

Aorta at eleventh intercostal .arterv 

10 

3.60 

.279 

.063 

2.8 

3.6 

Aorta at bifurcation 

8 

2.90 

.471 

.119 

2,1 

3.0 
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Anatomo D.a^nos«.-Coarctation of aorta, adult tj-pes; bicuspid aortic valve- 
plasia of abdominal aorta; cardiac hypertrophy and dilatation; chronic passive congestion 
of lungs; pulmonary edema; bilateral liydrothorax and ascites; chronic passive congestion of 
hver. Bacterial endocarditis (alpha streptococcus) with local extension through aLie Id 
into esophagus, mediastinal abscess, and acute mediastinal lymphadenitis; acute splenic 
tumor; bacteremia (alpha streptococcus); splenic and renal infarcts; subacute diffuse 
glomerulonephritis. 



Fig. 1. Fig. 2. 

Fig. 1. — Case 1. Tlie aorta is opened from the bach to show the coarctation (A) at the 
level of the aortic end of the naiTow ligamentum arteriosum (C). The aortic bacterial 
aneurysm (D) is below the coarctation, at the left side in the photograph. Its relation to the 
esophagus (E) is shown. The dilated ostium of the subclavian arterj- (B) is 2 cm. above the 
diaphragm of the coarctation. 

Fig. 2. — Case 2, The aorta is opened from behind to show the constricting band (A) of 
the coarctation running from tlie caudal edge of tlie stenosed subclavian ostium (B) to tbe 
aortic end of the broad ligamentum arteriosum (C). The aortic bacterial aneurysm (D) 
is below the coarctation, at the left side in the photograph. 

Case 2. — A 22-year-old wliite man was observed over a six-month period. During this 
time blood stream alplia streptococci were repeatedly grown. At the age of 6 years the diag- 
nosis of weak heart had been made and limitation of activity imposed because of pre- 
cordial pain and dyspnea on exertion. Two brothers and four sisters and both parents 
were- entirely free of cardiovascular complaints. The patient was accepted for Army 
service in 1940. In the winter of that year, during a period when his infantry company 
was housed in tents (North Carolina), this man suffered four or live episodes of dull pre- 
cordial pain and swollen, painful joints. These episodes lasted seven to ten days. Trans- 
fer to Panama alleviated his suffering with the result that final discharge from the Army 
was postponed until 1941, following an exacerbation of symptoms. He suffered six addi- 
tional episodes before his first admission to Duke Hospital in September, 1943. For three 
months he had been uncomfortable with diurnal, afternoon fever. His temperature was 39® C. 

Alpha streptococci were grown from his blood, and he was treated with sulfamerazine 
combined with fever therapy. This therapy produced only temporary sterility of the blood 
as judged by repeated cultures. In mid-October he was discharged. Twenty days later 
he reappeared complaining of sudden mid-epigastric pain which had persisted for five days 
as a dull ache. A sudden bout of right, lower quadrant pain, with rebound tenderness and 
a rise of 6,000 in his leucocyte count within twenty-four hours, led to exploratorj" celiotomy 
and removal of a normal, retrocecal appendix The surgeon’s note read: “There was no 
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evidence .in tlie mesenterj" of tlie bovel of any thrombosis. Thorough search had been 
made.’’ Several veeks postoperatively he vras discharged, unimproved, but no longer 
suffering any severe local symptoms. 

In February, 1944, ten days before death, he returned, complaining of precordial and 
epigastric pain, swollen legs, and puffy face. Sudden, sharp, hnifelike, precordial pain 
had occurred in January', persisting as a dull ache with remissions and exacerbations. 
Occasional sharp pains in the pit of the stomach had troubled him. Joint pains recurred 
in early February and were accompanied by peripheral edema, an entirel}* new sjTnptom. 

Fhysical Examination . — The patient was an obviously ill, emaciated young adult witli 
slight cyanosis, marked pallor, and facial edema but no petechiae. The lungs were clear. 
The heart was moderately enlarged to the left. No thrills were palpable. A loud systolic 
murmur was audible over the entire precordium, maximally at the left sternal border, par- 
ticularly in the pulmonic area. The second aortic sound was louder than the second 
pulmonic. The tense abdomen was ubiquitou.slj’ tender, and the liver edge was palpable 
just at the costal margin. The spleen and kidnej's were not palpable. The right knee and 
ankle were tender on palpation and on voluntary motion. There was slight edema of the 
lower extremities. 

The blood pressure was not taken in the lower extremities at any time during the patient's 
three admissions. There was never any comparison of brachial and crural pulses. Table T 
records the blood pressure (right arm) and pertinent laboratory findings for the three admis- 
sions. The temperature ranged daily from a low 37° C. at S a.m. to .39° C. at 4 p.ir. during 
the first two admissions, but it never rose above 37.8° C. during the last admission. 

The spleen became palpable several days before death. Twenty-four hours before death 
persistent nausea and vomiting began. Complaints of chest and abdominal pain continued. 
Four hours before death the patient sat bolt upright, screaming that he tvas blind. After 
thrashing around for a wliile, he became quiet and was found to be in shock. In response to 
treatment for shock, he rallied temporarily and evidence was obtained that he was not 
blind. Hemoglobin on the previous day had been 13.5 Gm.; now it was 4.5 Gm. He com- 
plained of abdominal pain; the abdominal wall was boardlike. His blood pressure, which 
had risen to 100, sj^stolic, and 70, diastolic, soon fell again to an imperceptible level, and 
the patient expired. 

Autopsy (Duke 4008). — The well-formed, undiseased heart weighed 380 grams. The 
foramen ovale was probe patent. The pulmonic end of the ductus arteriosus admitted a blunt 
probe for a distance of 1 mm. ; the aortic end, 4 millimeters. The total length of this obliter- 
ated artery is 14 millimeters. Nowhere in the heart was there evidence of endocarditis or 
rheumatism. Jleasurements of significance regarding the heart and aorta are given in Table 
II. The branches of the aortic arch were situated in normal relation to one another. The 
aorta became abruptlj* narrowed in a funnel-like manner at the level of the left subclarian. 
From the stenosed ostium of the left subclavian, an intiraal elevation or constricting band 
ran to the obliterated ductus arteriosus. The band occurred on the convex curvature of the 
arch, producing an externally perceptible indentation. The ostium of the subclavian was just 
proximal to one end of the band; tlie aortic ostium of the ductus arteriosus was just distal to 
the other end. Delicate vegetations were seen both on the caudal edge of the constriction 
band and in a number of places on the multOocular aneurysm wliich occurred on the right, 
posterior aspect of the aorta immediately below the ductus. The orifices of the right first to 
tldrd and the left first intercostal arteries were involved in the aneurysm. The month of the 
3 cm. deep aneurysm was 3 cm, in diameter. Several soft lymph nodes, about 1 to 2 cm. in 
diameter, and areolar tissue in the region of the tracheal carina were adherent to the outer 
wall of the aneurysm. Pus, a smear from which showed gram-positive cocci in chains, oc- 
curred in abscesses found between the aneurv'sm and the enlarged Ijanph nodes. 

Other bacterial aneurysms were encountered in dissection of the abdomen. Three thou- 
sand cubic centimeters of partially clotted blood were found in the peritoneal carity. The 
site of hemorrhage was a ruptured aneurysm of the superior mesenteric artery, 5 cm. from its 
origin. The intramesenteric hemorrhage from this saccular aneurysm. 2.5 cm. in diameter, 
consisted of a Mdney-sized mass of clotted blood. An almond-shaped rupture of the parietal 
peritoneum, 5 by 3 cm. in size, at the root of the mesentery', accounted for the intraperitoneal 
hemorrhage from "the same source. An aneurysm 4 cm. in diameter, ■with considerable lami- 
nated, organized thrombus, found near the head of the pancreas, was in the celiac axis (Fig. 
3). Halfway between the head and tail of the pancreas, in the splenic artery, was an 
aneurysm, 1.5 cm. in diameter, filled with fresh tlirombus. Six similar aneurysms were found 
in the intrahepatic ramifications of the hepatic artery. The iliac arteries were not dilated. 
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Old and nen infarcts uere found in the soft, flaliby spleen (^veiglit, 300 arainsi anO 
the kidneys. The left kidney ^leighed 210 grams and had a double pelvis aiS tui ureters 
(with separate orifices in the bladder). An acce.ssory renal artery, originating t«o moments 
below the usual one, entered the left kidney at the loner pehis. The right kidney neighed 
150 grams. Both kidneys present the typical appeal ance of -dilTuse embolic glomerulo- 
nephritis. 


Anatomic Diagnosis— Courctntion of aoita, adult type; probe-patent foramen ovale. 
Aortic endarteritis (alpha streptococci) nith aneury.sni formation, involving right first to third 
and left first intercostal arteries; bacterial ancuiysm of celiac axis, splenic, superior mesen- 
teric, and intrahepatic portions of hepatic arteries. Rupture of aneuiysm of saiperior mesen- 
teric artery with retroperitoneal hemorrhage and secondary rupture of posterior parietal 
peritoneum into abdominal cavity; hemoperitoneura (3,000 c.c.). Embolic glomerulonephritis 
(alpha streptococcij ; acute splenic tumor; splenic and renal infarct*!. Cardiac hypertrophy, 
left sided (380 grams) ; complete double pelvis and ureters and accessory renal artery, left. 



Fig-. 3. Case 2. The aorta (A) is opened from behind. The outer'surface of the cortex 

(with capsule removed) of Uie right kidney is shomi on the right and Oie cut OTrface ^the 
left kidnev, on the left. Diffuse punctate hemorrhages are seen in both kidneys, rresn 
and old (scars) infarcts (E) are visible. The double pelvis and ureters (C) and accessoo 
artery- (D) of the left kidnev are illustrated. Between the upper pole of the right kidnej 
and the aorta is an ovoid ma“s (E) — the celiac axis bacterial aneurj'sm, approximateij i 
cm. in longest diameter. 


DISCUSSION 

The two cases of coarctation of the aorta were unusual because both had 
bacterial aortitis with aneurysm formation and embolic glomerulonephritis. 

The diagnosis of coarctation and aortitis was not made during life in 
either case. The clinical picture of severe renal damage held the attention of 
those treating Case 1- Tlie observation of one doctor, that the systolic blood 
pressure was 30 degrees higher in the arms, apparently Avas given little atten- 
tion in rie^v of the absence of radiological and auscultatory signs of collateral 
circulation. Eenal damage Avas considered to be the cause of the hypertension. 
The relatiA'ely afebrile course did not direct attention to the bacteriemia re- 
sponsible for the embolic glomerulonephritis. „ 

In Case 2 the bacteriemia Avas recognized. The patient Avas thought to 
have bacterial endocarditis superimposed on rheumatic endocarditis or an un- 
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designated type of congenital cardiac malformation. Again the insignificant 
collateral circulation produced no radiological, and only inconstant ausculta- 
tory, signs which might have led to the recognition of the coarctation. 

Very often one reads or hears that the adult type of aortic coarctation is 
easy to diagnose, but surelj’- this is not really true. j\Iany cases do not provide 
the classical criteria. Doubtless some of these cases, not examined at autopsy*, 
are finally diagnosed clinically as examples of malignant hypertension or some 
other condition. 

The clinical signs of coarctation are well knoAvn and will not be reviewed 
here, Abbott^ found no definite correspondence between the grade of coarcta- 
tion or the extent of collateral circulation and the physical signs. Signs are 
not most prominent in the eases which present the most marked alteration in 
the physical characteristics of the aorta or the collateral vessels. Rib notching, 
often first discernible near maturity, increases with the passage of years. This 
is secondary to an alteration which increases with age in the physical charac- 
teristics of the collateral circulation. Several factors may be responsible for 
the variation in degree of discernible change in collateral vessels : (1) inherent 
qualities of the vessels, (2) grade of coarctation and degree of hypertension in 
the aorta proximal to the constriction, and (3) other physical characteristics, 
habits and environment of the individual. There is not a definite correspond- 
ence between rib notching and auscultatory evidence of collateral circulation. 
It is conceivable that a minimal grade of phj’^sical alteration is essential to the 
production of auscultatory signs in the collateral circulation and that a higher 
grade alteration will, in addition, produce rib notching after sufficient time has 
passed. Although these signs of collateral circulation maj’- be coexistent, 
either may exist alone. Autopsy evidence of collateral circulation was found 
by AbbotD in only 56 of 129 cases of the adult tyiie (in the literature). Cases 
have been reported showing: (1) significant coarctation with physical signs of 
collateral circulation but no autopsy eAudence of physical alteration of col- 
lateral vessels, (2) significant coarctation Avith neither clinical nor autopsy 
eAudence of collateral circulation, and (3) significant coarctation Avith slight 
clinical and marked autopsy eA-idenee of collateral circulation. The cases 
reported herein fall into the second category. 

Aortic coarctation really presents a complicated engineering problem. 
Careful analysis of all the factors concerned might enable one to improA^e the 
correlation betAveen clinical and autopsy data. That all factors liaA’e not al- 
Avays been considered is obvious from the discrepancies Avhich exist — the fre- 
quent missed diagnoses. Reliable quantitative data are desirable. Thei-e 
ought to be a correlation betAveen quantitatiA'e data on coarctation cases and 
normal cases of the same age. race, and sex. It is not possible easily to ac- 
cumulate sufficient material to illustrate this concept adequately, but Ave hope 
the folloAA’ing observations Avill lead others to undertake the major task or to 
add obseiwations Avhich AAdll aid some future Avorker in the final synthesis. 

Cardiac auscultatory findings in coarctation (sysotlic murmur at the base 
Avith or AA'ithout a diastolic component) maj* be due in part to the passage of 
blood through the constricted portion of the aorta and in part to ihe abnormal 
currents of blood set up proximal to the constriction. Many observers have 
described dilatation of the proximal portion of the aorta. The presence of 
such dilatation might conceiAmbly aid in the production of a murmur at the 
base. It might also be a factor of significance in the degree of development of 
a collateral circulation. So far as aa^c can determine, quantitative measure- 
ments and comparison AA'ith a set of standard measurements haA’e neA*er been 
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made to establish as a fact the theory that dilatation of the ascending' aorta 
exists in cases of coarctation. It is obvious that comparison must be made 
with a set of standards in order to rule out causes of dilatation other than the 
coarctation (arteriosclerosis, syphilis, etc.). Additional factors affecting both 
the degree of dilatation of the ascending aorta and the physical signs in a case 
of coarctation include: grade of coarctation, cardiac hypertrophy, extent of 
collateral circulation, coincident malformations (bicuspid aortic valve of Case 
1), and other conditions. 

In the two cases reported, measurements were made at loci which may be 
taken as standard points for use in any other case. Ten similarly preserved 
normal hearts and aortas from other white males 19 to 23 years of age were 
measured at each of the positions indicated in Table H, and the means estab- 
lished therebj’’ were used as normals in determining whether there is dilatation 
in the specimens of coarctation. Three independent measurements were taken 
to the nearest millimeter. The figures in the table are in centimeters and, vdth 
the exception of the first, represent circumference. It is evident that the num- 
ber of specimens used is insufficient for the establishment of ideal normal 
measurements for this age period. Nevertheless, the following conclusions 
seem justifiable. There is left ventricular hypertrophy in both Case 1 and 
Case 2. There is dilatation of the innominate ostium in Case 2, dilatation of 
the subclavian ostium in Case 1, stenosis in Case 2, and narrowing of the aorta 
at the subclavian level in both. There is no real dilatation of the aorta proxi- 
mal to the coarctation. In neither ease is it feasible to measure the aortic 
circumference between the ductus and the fourth intercostal artery because of 
the presence there of the aneury.sm. Hypoplasia of the aorta below this level 
seems evident in Case 1, 

Abbott^ found a statement about dilatation in 129 of 200 cases she re- 
viewed. Hypoplasia was reported in 21, normality in 7, and dilatation in 101 
eases. “The cause of the dilatation of the aorta in this situation is no doubt 
in part the increased intravascular tension that exists in the upper part of the 
body above the stenosis, under which the great branches of the arch also 
become dilated and also atheromatous. . . Various other causes are con- 
sidered contributory. Surely the pathogenesis will not be clearly understood 
until careful measurements have established the fact of dilatation and its 
relation to types and degrees of coarctation. 

Bacterial Aneurysm . — Glomerulonephritis as a cause of death in coarctation 
of the aorta is not frequent. Probably in Case 1 an elevated blood pressure, 
caused by the coarctation, antedated the renal disease, while the glomerulo- 
nephritis was the result of long-standing bacteriemia from the bacterial aortitis. 
Death in uremia resulted from the extensive kidney impairment. A similar 
renal disease, but less extensive, occurred in Case 2. Death, in the second case, 
however, was from internal hemorrhage from one of the many bacterial aneu- 
rysms of arteries suppljdng the abdominal ^dscera. To be sure, the cause of 
death in both cases was intimately related to the aortitis. In both cases the 
aneurysm below the coarctation had progressed so far that it is fair to assume it 
might soon have ruptured. In Case 1 the esophageal mucosa comprised almost 
the entire remaining wall of the aneurj’^sm. 

In Case 2 four months before death a careful exploration of the mesentery 
at celiotomy showed no e^^denee of thrombosis. At autopsy, however, several 
large bacterial aneurysms uith considerable thrombotic material were found. 
The small mass in the splenic arteiy might easily have been missed. If the . 
aneurj-sm of the superior mesenteric artery had been present at that time, it 
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■would have heeu discovered, hlicroseopieally, the celiac axis aneurj'sm is tlie 
oldest. Had it been as large at the time of operation as it was at death, it could 
not have been missed. It is not unlikely that the sjTnptoms which led to the 
celiotomj’- were produced bj'- changes at this site, and that the mass later grew 
rapidly in size but was too small at that time to be palpated. Subsequently in- 
fected emboli broke off the thrombus in the celiac axis and lodged at numerous 
sites within the intrahepatic ramifications of the hepatic artery to produce the 
numerous bacterial aneurysms found there. 

In Abbott’s^ 200 cases, bacterial endarteritis W'as present in 14. Death 
from rupture of the heart or aorta occurred in 40 cases ; death from circulatory 
failure in 77 eases; and death from cerebral hemorrhage in 26 cases. Other 
causes of "death were found in 43 eases. 

From the literature as a whole are gleaned the cases outlined in Table HI, 
in which an aortitis resulted in the formation of an aneurysm located just 
below the coarctation. Among these is the case of Kellogg and Biskind in 
which there was an additional bacterial aneurysm about 5 cm. from the origin 
of the superior mesenteric artery (compare with Case 2). 

Table m. Cases of Coarctatiox With Aortic A^*EURYSSI 


AUTHOR 

CASE 

DEATH 

AXEURYSSI 

COARCTATIOX 

COJIIIEXTS 

1. Benecke 

28 M 

Cerebral hem- 
orrhage 

Directly below 
coarctation 

Extreme stenosis 
bevond closed 
D.A." 

Glomerulo- 

nephritis 

2. Evans 

Case 15 

6 P 

Rupture of 
aneurysm 

Aortic end of 
closed D.A. 

Moderate 

stenosis 

Pneumococcus ( ?) 

3. Focken 

Case 2 

18 P 

Septicemia 

Directly below 
coarctation 

Marked at 
closed D..A. 

Glomerulo- 

nephritis 

streptococcus 

4. Kellogg 
and 

Biskind 

16 M 

Cardiac failure 

Direct!}' below 
coarctation; 
superior mesen- 
teric artery 

Moderate. 

Sligiitly above 
patent D.-A. 

Aneurysm of 
superior mesen- 
teric artery; 
streptococcus 

5. Koletskj' 

38 M 

Rupture of 
aneurysm 

Directly below 
coarctation 

Stenosis bevond 
D.A. 

Acute glomerulo- 
nephritis 

6. Libman, 
Abbott 

12 P 

Rupture of 
aneurysm into 
esophagus 

Directly below 
coarctation per- 
forating left 
bronchus 

Moderate 

Glomerulo- 

nephritis 

streptococcus 

7. Eeifen- 
stein 

Case 2 

10 M 

Rupture of 
aneurysm into 
esophagus 

Directly below 
coarctation, 3.5 
by 5 cm. orifice 

Marked 2.5 cm. 

— low sub- 
cla'i'ian 

Pneumococcus 

8. Smith, 
and Hans- 
mann. 

17 M 

Rupture of 
aneurysm 

1 cm. below coarc- 
tation, C cm. 
orifice 

At closed D.A. 

Streptococcus 

9. Smith 
and 

Targett 

9 M 

Asphyxia 
cause by pres- 
sure of aneu- 
rysm 

Directly below; 

1.5 cm. orifice 
pressure on 
tracheal carina 

Extreme at 
closed D.A. 

Relation of 
aneurysm and 
esophagus like 
Case 1 

0. Tillich 

17 M 

? 

Directly below 
coarctation 

Patent D.A. 

4 mm. stenosis 

Perforation of 
esophagus 

1. Case 1 

20 M 

Uremia 

Directly below 
coarctation 

Marked 


2. Case 2 

22 M 

Intraiieritoneal 

hemorrhage 

Directly below 
coarctation 

Moderate 


*D. A. = 

ductus i 

arteriosus. 





SUm:m\ry 

Turn cases of the adult t^TJe of aortic coarctation are presented. Anatomi- 
callj’ these showed a moderate constriction and very little evidence of collateral 
circulation. Bacterial aortitis was present in both cases at the site of the coarc- 
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tation. In one case tlie bacterial infection was recognized and a congenital car- 
diac malformation was suspected. The other case was characterized by hyper- 
tension and advanced signs of renal damage so that blood cultures were not 
done and a cardiac malformation was not suspected. Quantitative measure- 
ments of the aorta and the mouths of the innominate and the left subclavian 
arteries in these cases and in a group of controls provide a means for evolv- 
ing a more careful definition of the anatomic changes in coarctation. Abetter 
correlation between clinical and autopsy data is needed because many eases 
of coarctation are missed clinically. 
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EUPTURE OP VENTRICULAR JMYOCARDIUSI 


Report of Four Cases With ComjMEnts ok Patpiogekesis akd on Clinical 
Significance of Possibility" of Cardiac Rupture in Prognosis 
OF Coronary Artery Disease 

Harold N. Segall, M.D. 

^Montreal, Canada 

S INCE coronary thrombosis liecame a popular clinical diagnosis, and the pro- 
gram of its treatment includes a minimum of six weeks’ absolute rest in 
bed, cardiac rupture has loomed large in clinical thinking. The possibility of 
this complication in' each case of myocardial infarction lends conviction to the 
argument which the ph^'sician advances in winning the cooperation of the pa- 
tient and his attendants. The fear of cardiac rupture justifies sentencing the 
patient to being fed by spoon and to using a bedpan, even if there is a bathroom 
two steps away from his bed. How much of this fear is founded on fiction and 
how much on fact deseiwes serious reconsideration since, in the last twenty years, 
the diagnosis of coronary artery occlusion has become as popular as that of acute 
appendicitis, and the tenn coronaiy tlmombosis has entered the vocabulary of 
laymen. The stories of these four cases of cardiac rupture may contribute some- 
thing to the study of this problem. 

CASE reports 

Case 1 (a-21-28 !M. G. H.). — A woman, aged 78 years, sustained a Pott’s fracture Jan. 
15, 1921. On the twenty-third day of rest in hed she had cardiac pain; on the twentj'-scventh 
day there was a second episode of severe cardiac pain, with shock and death half an hour 
after onset. All tlie coronary arteries were found to he widely patent, c.vcept the anterior 
descending branch of the left coronary artery, which was greatly stenosed b.v arteriosclerotic 
plaques and occluded by a thrombus; there was a myocardial infarct in the anterior ventricular 
wall wi.th rupture in this area and hemopericardium. 

This patient was a well-preserved, somewhat obese lady, 78 years of age. The only illness 
she remembered was a riglit otitis media at the age of 7G years. On Jan. 1.5, 1921, while doing 
housework, .she .sustained a left Pott’s fracture and was admitted to the surgical ward of the 
Montreal General Hospital, attended by Dr. Pennoj-er. The left lower extremity was placed 
in a box splint, and, eleven days later, a plaster ca.st was applied. On the twent.v-third day of 
this illness, she complained of “severe epigastric pain, belching of gas and pain in the cardiac 
region; colour became pale and flesh clammy; pulse was thread.v. ” Morphine sulfate, liy 
grain, soon relieved the pain and a soapsuds enema relieved the “gas.’’ In the next four days 
she seemed to regain her usual health. On the twenty-.'-eventh day of her stay in bed, at 7:. 30 
p.xi., she had “an attack of cardiac pain radiating to the shoulder and arm, along with some 
epigastric distress and belching of gas; veiy- little dyspnoea. Pulse volume was full; rate. 
110; rhythm, regular. Morphine sulphate, Hi gr., was given for pain. At 8:00 P.M. .«he had 
some dyspnoea and became worse: skin was white and cold; pulse thready and then imper- 
ceptible in a few minutes, and so she died of acute cardiac dilatation.”* 

At this time I was associated villi the Department of Patholog.v and it was 
my lot to perform the autopsy in this case. The folloving is an abstract of the 
report : 

Post-mortem examination revealed considerable obesity, e.\tensive bands of fibrous 
adhesions in both pleurae, fibrous adhesions about the .spleen and liver, and kidneys of normal 

Prom the Departments of Fathologx’ and Aledicine of the Montreal General and Jewish 
General Hospitals, Montreal. 

Received for publication Oct. 23. 1944. 

*Thcso quotations arc from the intern’.^ notes in the hospital record. 
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Size. There was a moderate degree of arteriosclerotic changes in the kidneys. Cardiovascular 
system: the maximum diameter of the heart in' situ was 14 cm.; the pericardium was tenselv 
distended, containing 200 c.c. of fluid blood and about 100 c.c. of blood clot. An abundance 
of epicardial fat was noted. The heart weight was 270 grams. On the anterior surface of the 
left ventricle, 5 cm. above the cardiac apex and just to the left of the interventricular groove 
there was a transverse laceration 1.5 cm. wide (Fig. 1). A probe passed through this readily 
into the left ventricular cavity. There was no evidence of enlargement or hypertrophy. Slight 
arteriosclerosis of the aorta, mainly in its descending portion, was observed. The coronary 
arter}' orifices wore patent and of normal size. The right coronary artery and its branches 
presented evidence of a slight degree of arteriosclerosis without stenosis. The left m niTi 
coronary artery and its circumflex branch were similar to the right coronary artery. The 
anterior descending branch of the left coronary arterj' was greatly stenosed by large arterio- 
sclerotic plaques, and, in the proximal third, it was occluded by an adherent recent thrombus. 



Fig. 1. — Case 1. Anterior surface of ventricles: anterior descending branch of left coro- 
nary artery and some of Its branches exposed. Note transv'erse tear in left ventricle, when 
opened longitudinally, the artery was found markedlj’’ stenosed by arteriosclerotic plaques m 
its whole lengOi and occluded by a thrombus lying in its proximal third. 

The smaller branches of this artery^ were also sclerosed. Microscopic examination in the region 
of the cardiac rupture revealed necrosis of muscle fibers, infiltration with masses of red blood 
cells, and also some inflammatory reaction manifested by the presence of leucocytes. Micro- 
scopic section of the myocardium of the left ventricle beyond the area of infarction revealed 
fatty infiltration of moderate degree and some increase in the width of the fibrous interstitial 
tissue. 

Perliaps tlie clinical liistory is incomplete, but it has long been Imown 
that extensive arteriosclerotic disease of coronary arteries may exist for many 
years in some people Avithout causing any symptoms. This patient illustrates 
this and also the fact that a myocardial infarct Avas established as a result of 
thrombosis of the only coronary^ artery^ that aaus affected by arteriosclerosis to a 
significant degi’ee. Thus, in spite of ideal conditions for the development of 
collateral circulation, A\diich Avould minimize the effect of sudden occlusion, in- 
farction developed, and rupture of the myocardium occurred Avithin the infarct. 
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Nor was bodily exertion an element of etiology for either the thrombotic occln- 
sion or the myocardial rupture. The entire cardiac episode evolved while the 
patient was at rest in bed for the treatment of a Pott's fracture. The nonnal 
size of the heart supports the view that this patient had a normal or relativel3' 
low blood pressure. Thus the rapture must be exjilained mainlj' bj’’ processes of 
disease in the m3^ocardium. On the fourth da3' after occlusion of the coronar3* 
arteiy, the infarct contained areas of myocardial degeneration of various sizes 
and shapes. Though the blood pressure was within normal limits, the tliick 
ventricular wall was ruptured through the infarct. Small tears probably oc- 
cur ver3’- commonl3’' in m3mcardial infarcts, but in this instance the plane in 
which the tear was initiated led to its extension, until it reached the epicardial 
surface. The last half hour of the patient’s life was most likel3' the period in 
wliich the epicardium was torn and the cardiac tamponade developed. 

C.VSE 2 (J. G. H. A44-838). — A man, aged 61 years, experienced three episodes of myo- 
cardial infarction in thirtj- months. The first two were untreated at the onset and subse- 
quently treated uith rest in bed; the third was recognized at the onset and treated with 
strong sedatives and absolute rest in bed. Rupture of the myocardium occurred, followed 
by death on the fifth day of the third episode. 

First Episode . — ^This man was in' good health until the age of 59 years, when, in Juh*, 
1941, he began to have pain in the left shoulder and profuse sweating, which wakened liini 
from sleep almost every night. On Nov. 21, 1941, at 2:00 A.it. he woke feeling severe "sore- 
ness”’ under the lower two-tliirds of the sternum and in the left shoulder and arm. He had 
some nausea but could not vomit. He perspired profusely. At 6:00 A.M. Dr. Mingie saw him, 
diagnosed coronary thrombosis, and ordered rest in bed for several weeks. However, the 
patient ignored this advice and, on the following day, returned to liis work as an executive 
in a factory. On November 23, he shovelled .«now to clear his garage driveway. He felt he 
had a mild cold on November 24, and remained at home that day and the next. He first con- 
sulted me on November 26, not because he felt sick, but to placate his family. He had not had 
any pre\’ious illness. In his business affairs he had had many ups and downs, and, since 1940, 
the.v had been in a serious state of depression. 

Pln’sical examination revealed a rather slender, agile man, 5 feet, 5 inches, in height and 
weighing 140 pounds; his complexion was pale. There was no anemia; the liver edge could 
be felt 6 cm. below the costal border on deep inspiration; and the lung signs were normal. An 
orthodiagram of the heart revealed: aortic arch. 4.5 cm.; right border, 5i cm.; left border. 
7.8 cm.; transverse diameter of chest, 27 cm.; and aorta, somewhat elongated. The heart 
sounds were normal except for an amphoric quality of the second sound at the apex. A faint 
systolic murmur between the first and second sounds was heard all over the precordium, 
and a very faint diastolic murmur immediately after the second sound at the left border of 
the sternum between the fourth and sixth costal cartilages was also observed. The blood 
pressure was 106/66 (Fig. 2); neurological signs, normal; fundi, moderate tortuosity of 
retinal arteries; urine, specific gra\-ity, 1.020 (no sugar or albumin) ; blood IVassermann, nega- 
tive. An electrocardiogram (Fig. 3.4 ) revealed no evidence of recent or old mj'ocardial infarct 
and a left axis deviation, suggestive of some left ventricular enlargement. He remained at 
homo in bed (with bathroom privileges) during the next six days, and then entered the 
IVestem Di-vnsion of the Montreal General Hospital for further investigation. Studies made 
in the course of fifteen days revealed no fever; four white cell counts between 6,460 and 7,900; 
four sedimentation velocity determinations, 0.5 to 0.65 (normal 0.08 to 0.38 mm. per minute),; 
and seven electrocardiograms revealed slight variations in amplitude of positive T in Leads I 
and II, more marked variations from positive to negative T in Lead HI and a normal CF, 
(Fig. 3). 

Diagnosis: arteriosclerotic (and probably hj-pertensive) heart disease; coronary arterio- 
sclerosis with stenosis; occlusion of a coronary artery -with myocardial infarction; and 
moderate left ventricular enlargement. He remained at home in bed (with bathroom 
privileges) for another six weeks, then convalesced for several weeks. He frequently had 
pain in the right shoulder on movement of this joint, usually before clianges in the weather. 
Phj*sical examination on June 25. 1942, revealed no new feature, except that the blood pro.*-- 
sure was 150/80; the electrocardiogram was similar to the previous record. During the ne.xf 
year and one-half he rarely had substemal discomfort; if it occurred on hurried walking, it 
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^\as quicMy relieved by rest or, if initiated by excitement, by moving away from the scene 
He did not require nitroglycerin and took no otlier medication. On July 23, 1943, an elratro- 
cardiogram recorded by Dr. H. Sliister was similar to the record of June, 1942. 

Second Episode. On Dec. 19, 1943, at 2:00 A.Jt. the patient was wakened from sleep with 
pain under the mid-sternum and in the left arm. His forehead was ‘'wet and cold.” A nitro- 
glycerin tablet taken on wakening seemed to produce relief in a “few” minutes (“perhaps 
three minutes”) ; the ache in the left arm was last to disappear. The patient continued at 
work as usual and consulted me for a “periodic check-up” on Dec. 22, 1943. His general 
appearance was good; new features as compared with observations of June, 1942, were: 
diminution in loudness of the first heart sound; blood pressure, 160/98; and a grossly ab- 
normal electrocardiogram, showing inversion of T„ almost isoelectric To, inversion of T in 
Leads CF, and CP^. This brief cardiac pain did not justify the diagnosis of coronary artery 
occlusion, rather did it suggest prodromal symptoms, perhaps due to hemorrhage into an 
arteriosclerotic plaque causing stenosis of a large coronary artery. Rest in bed (with bath- 
room privileges) for a month was prescribed. On Jan. 18, 1944, he reported he had had no 
discomfort during this month. His blood pressure was 130/80; the first sound appeared 
louder than on Dec. 22, 1943, but less loud than in June, 1942; an imusuallj' prominent and 
forceful pulsation in the fifth left intercostal space near tlio sternum suggested aneurysm of 
tho anterior ventricular wall; and the electrocardiogram was similar to that of Dec. 22, 1943. 
It was thought that the new infarct in the anterior ventricular wall had occurred “painlessly” 
at some time between July and Dec. 22, 1943. He was permitted to resume light activities 
in his business and wa.s free from symptoms for one month. 

Third Episode . — On Feb. 17, 1944, he slept soimdly from 10:00 p.m. to 4:00 A.^r., when 
ho awoke with severe pain in the interscapular region, marked sw'eating, and some substemal 
aching. Nitroglycerin did not relievo this pain. He waited until 7:00 A.M. to call me and 
was given morpliinc sulfate, % grain, hypodermically at 7:30 a.m. by Dr. Golf man. This 
relieved the pain to a considerable degree and made liim drowsy and nauseated. IMien I saw 
liim at 10:00 a.m. he appeared paler and more sallow of complexion than usual; he had some 
acliing under the sternum and was drowsy. His blood pressure was 120/90, but the brachial 
artery" sounds wore faint, suggesting reduced volume of cardiac output per beat. Faint heart 
soimds and a blowing systolic murmur, loudest at the apex and at the left border of the 
sternum near tho fourth intercostal space, suggestive of mitral insufiiciency, were new 
features. An electrocardiogram showed gross changes indicative of recent ventricular infarct. 
The sy'stolic murmur suggested infarction and perhaps tearing of a papillary muscle in the 
left ventricle. During the day" of February 17 he wakened frequently with moderately se- 
vere pain, interscapular and substemal, of several minutes to a half hour in duration until 
he dozed off again. He was given Yi grain of morphine sulfate at 10:00 p.m. and slept well 
after 11:00 p.m. On February 18 he was free from pain or dyspnea and at 10:00 p.m. his 
blood pressure was 130/84; the lieart sounds and tlie murmur were almost the same as on 
February 17. On February" 19, at about 8:00 a.m., he began to have dyspnea; at 9:30 a.m. 
moist rales were heard at both bases by Dr. Golfman, who, however, found no indication for 
morphine and prescribed % grain of codeine phosphate as a sedative. At about 3:00 P.M. he 
became acutely and severely dyspneic, very' restless, and apprehensive. At 4:45 p.m., I ob- 
served marked cyanosis of hands and feet; coldness of the sldn; continual moderate sweating; 
marked orthopnea; rapid, rather shallow respiration; marked anxiety*; blood piessure, 104/90; 
and very" faint brachial artery* sounds. Auscultation of the heart revealed a rapid rate (140) 
and faint heart sounds, almost inaudible at the apex and the base, but the chief feature was 
a loud systolic murmur ^vith a new, “whee jee wee”-like quality, loudest at the right border 
of the sternum. In tliinldng of how to describe this mumiur, I thought it sounded like the 
noise produced in squeezing raw meat. This led to the thought that the new developments in 
the clinical picture might be due to rupture of the myocardium. The murmur was not loud 
enough to justify placing the site of tlie rupture in tlie inten-entricular septum but was sug- 
gestive of rupture of the ventricular wall Avitli a slow leak through the almost intact peri- 
cardium. Electrocardiograms taken on February* 18 and 19 suggested anterior wall infarc- 
tion, and reduction in the amplitude of QES was compatible with pericardial effusion. Satis- 
factory percussion revealed no change in the heart size to confirm the suspicion of hemo- 
pericardium. The absence of a diastolic pha.so of the murmur suggested that the pecuiiar 
quality of the murmur did not represent a friction murmur, but this possibility could not be 
ruled out entirely*. At 6:00 p.m. he was admitted to the Jewish General Hospital. At 11:00 
P.M. only a faint systolic murmur at the left border of the sternum could be detected, and 
our opinion favored pericarditis as tho cause of the unusual murmur that was heard earlier. 
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The systolic blood pressure was now only 30 j the bracliial artery sounds were extremely faint, 
and the radial pulse was extremely small. Cyanosis of the extremities persisted, although the 
patient had been in an oxygen tent for about five hours. The suspicion of ventricular rupture 
inliibited me from giving blood plasma for the treatment of slioclc. The next day, about 
twenty-eight hours after the onset of this - grave phase of the illness (with anuria present 
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‘ y. Fig:. 2. — Case 2. Heart sounds and murmurs. Kov. 26, 1911; Amphoric second sound 
> 1 at apex sugg-ests a large gas bubble in stomaelt ; faint aortic insutliciencj- murmur was iieard 

;,t ' only on this day and suggests transient aortic insufficiency of slight degree or pericardial 

friction munmjr. Systolic murmur not loud or long enough to be evidence of valvular disease. 
ij' June 25, 1942: Amphoric second sound a new feature, suggests arteriosclerosis with 

some dilatation of ascending aorta. 


Dec. 22, 1943: Only minor variations observed until this date, when the first sound 
■ was much less loud than formerly with no change in the second sound. Electrocardiogram 

revealed evidence of recent myocardial infarct near cardiac apex in anterior wall. 

■ Feb. 17, 1944 ; Seven hours after onset of tliird episode of myocardial infarction during 

■h': which rupture of myocardium occiu-red. Loud systolic murmur indicative of mitral insufficiency 

suggests diagnosis of torn papillao' muscle. 

Feb. 19, 1944; Heart sounds verj’- faint, heard only during sustained expiration, but 
pecullai* ‘‘wliee-jee-wee” murmur togetlier with sy.stolic murmur of mitral insulflciency wa.s 
readily audible. This peculiar murmur suggested rupture of ventricular wall, but was prob- 
j - ably a pericardial friction sound. 

• Feb. 20, 1944 : At one time on this day (twelve hours before death) the systolic mur- 
mur of mitral insufficiency was quite loud, although blood pressure was verj- low ; later tlie 
murmur and heart sounds became veiT faint. 
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Fiff. 3A. — Case 2. The six records made bet^'cen Nov'. 26, .1941, and Jan. 15, were 

.selected from eight m.ade in this period. They show slight variations in the , 

liaL I and II. changes in T of Lead HI from positive to neptive and variations m ani- 
Diituae of T in CPo These minor abnormalities were related to healing and ^rosis of ^ 
hlfkrct In the central portion of the interventricular septum. The records of Feb. 3, 1942, 
and June 25. 1942, show very slight changes in T of Lead III. 
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Fig-. 3B — Case 2. The record of July 23. 1943, is similar to that of Dec. 6, 1941, -with 
positive T -n'aves in Lead III. The first gross abnormalities appear in tiie records of Dec. 
22, 1943, and Jan. IS, 1944. They are related to Infarction of tlie anterior wall of left ven- 
tricle with aneurysmal dilatation near the apex. Note diphasic T in Lead I, low voltage of T in 
Lead II, high T in lead HI, and inverted T in CF< and CF=. The amplitude of R in I^ead I 
and S in Lead HI have increased, suggesting left ventricular enlargement. In the record of 
Jan. IS, 1944, tiie phonocarcliogram recorded simultaneously witii Lead CP^ repi-esents the 
heart sounds over the region of tlie fourth intercostal space, near the sternum ; an auricular 
sound of lo-w amplitude was recorded on this day, which was not audible during ordinary 
auscultation and was not recorded in .Tune, 1942. This new feature probably repre.^ent.-; tli'e 
effect of thinning of tlie left ventricular -wall near the ape.v, following infarction about a 
montli or more previously. 

The last four records represent the effects of thrombosis of tlie left circumflex, branch 
of tlie left coronary artery with infarction in the left ventricle at its left margin, and posteri- 
orly, tearing of tlie anterior papillaiy muscle near its base, i-upture of the left ventricle and 
hemoperJeardimn. There is no specific feature to suggest nipture of the myocardium. Chances 
from negative to positive T in Lead GF^ point to involvement of the posterior ventricular wall. 
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during all this time) persistence of the blood pressure at about 30 mm. led to the decision 
that 500 c.c. of a 10 per cent glucose solution should be given and should be followed by 
plasma until the blood pressure would rise, or until, as expected, the patient would die. Per- 
cussion again failed to reveal any sign of pericardial effusion, and there was no pericardial 
friction murmur, but only the blowing systolic murmur which suggested rupture of a papillary 
muscle causing mitral insufficiency. He remained mentally clear until about six hours before 
his death, which occurred at 4:00 a.m., Feb. 21, 1944, ninety-six hours after the onset of the 
final illness and thirty-seven hours after the beginning of the terminal grave phase. Pul- 
monary edema and unconsciousness developed gradually in the last six hours. The autopsy 
was performed by Dr. M. Simon and the following is an abstract of the report. 

The right pleural cavity contained 300 c.c., and the left 200 c.c., of straw-colored fluid 
with a specific gravitj' of 1.010. There was a moderate degree of pulmonary edema; the 
abdominal viscera showed evidence of a mild degree of chronic passive hj'poremia. The 
heart (Fig. 4) was enlarged (SJO grams) ; the pericardium appeared somewhat tense and, on 
being opened, revealed a thin layer of dark red blood covering the whole surface of the heart; 
a thin, sticky, fibrinous exudate bound the pericardial surfaces, particularly over the anterior 
aspect of the heart. A poorly defined bulge about 3 cm. in diameter was found near the apex 
of the left ventricle; on the anterior surface of the left margin of the left ventricle, about 
6 cm. from the apex, a mottled yellow and red depression, about 4 mm. in diameter, was 
present; a fine probe passed through tliis depression into the left ventricular cavity leading 
to the base of the anterior papillary muscles. This track lay in a recent infarct. The an- 
terior left ventricular wall for a distance of about 5 cm. above the apex was yellowish red, 
mottled, and friable. Section through the interventricular septum revealed the appearance of 
extensive fibrosis, evidence of an old, healed infarction. There was a mural thrombus at the 
bulging area near the left ventricular apex and a smaller (2 cm. in diameter) thrombus in 
the left auricular appendage. The valves revealed no abnormalities. The left circumflex 
arterj' was markedly sclerosed and, beginning 2 cm. from its origin, there was an adherent 
red thrombus which extended into and occluded several of its medium-sized branches, which 
lay in the area of recent infarction. The anterior descending ramus of the left coronary 
artery' was markedly stenosed by arteriosclerotic plaques. At a point 1 cm. from its origin, 
section revealed only a pin point eccentric lumen. Below tliis point sections revealed no 
gross evidence of any lumen. The right coronary artery was less extensively sclerosed, but at 
a point 2 cm. from its origin, there was a thick arteriosclerotic plaque, reducing the lumen 
to about one-tlurd of the diameter of the artery'. The aorta revealed arteriosclerosis, most 
marked in the lower abdominal region and extending into the iliac arteries. 

Microscopic examination of a section of the left anterior descending branch of the left 
coronary' artery showed extensive calcification of the media and numerous atheromatous 
plaques containing acieular slits. About one of the larger plaques, numerous phagocytes 
filled with golden-brown, granular pigment were noted. There was also evidence suggesting 
canalization of an old thrombus. Section tlirough the left bircumflex branch of the left 
coronary artery revealed a markedly thickened, partially calcified wall containing a large 
atheromatous plaque. The lumen was completely occluded by a laminated recent thrombus. 
Section through the left ventricle at the site of the perforation showed extensive necrosis 
of the myocardium, interstitial hemorrhages and a diffuse infiltration by' large numbers of 
polymorphonuclear leucocytes. Between the colunmae cameae a large laminated recent 
thrombus was present. At some distance from the area of recent infarction focal areas of 
fibrosis were seen in the my'ocardium. 

Correlation of clinical obsei'vation.s and thoughts with what was found at 
autopsy suggests that the peculiar “tvhee-jee-wee” systolic muimur (Fig. 2) 
was more likely due to pericardial fibrin deposits from blood which had oozed 
slowly into the pericardial carity than to blood squeezing through the track 
of ventricular rupture. This murmur did not bear any resemblance to that de- 
scribed by Keznikoff® in a case of a ruptured antei’ior wall of the left ventricle, 
following coronaiy thrombosis. The muimur was heard best near the fourth 
and fifth right costal cartilages over the right auricle and the right border of 
the right ventricle ; the pericardial end of the ruptured ventricle was far to the 
left, on the left cardiac border in the vicinity of the fourth left rib, about 7 cm. 
from the mid-sternal line. Only by imagining a peculiar effect of the stream of 
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ejected blood coming through the pericardium, so that the murmur was produced 
near the right border of the heart, instead of over the area of tlie .rupture, could 
one relate the murmur to the rupture. This must be considered an unlikely 
possibility. Thus, the ante-mortem diagnosis of cardiac rupture was made in 
part on false premises. i\Ioreover, the site of the rupture Avas not as predicted, 
for it was thought that it Avould involve the aneurysmal dilatation which seemed 
to be in the anterior ventricular Avail to the right of the cardiac apex. The 
aneurysmal dilatation near the cardiac apex AAms intact and occupied by an old, 
adherent laminated thrombus. 



Fig. 4. — Case 2. A, Stenosed anterior descending branch of tlie left coronaiy artery. 
Bj Thrombus in circumflex branch of the left coronary arterj-. C, Site of rupture. D, Mural 
thrombus. JS, Aneurysm of anterior wall of left ventricle. 


It is most likely that tearing of the myocardium began soon after occlusion 
of the left circumflex coronaiy ai'terj’- and that the initial tears involved the base 
of the left anterior papillary muscle, resulting in some mitral insufficiency Avhich 
revealed itself by the loud, bloAving, systolic murmur. Some degi*ee of sliock 
Avas present from tlie beginning of this episode, but the seA-ere degree AA'hicli be- 
gan about thirty-seAmi 110111*8 before death could haA^e been coincident Avith 
progressiA'e extension of the track of tearing until it reached the pericardium, 
Avlien acute dyspnea, chest pain, marked fall in blood pressure, cold extremities, 
etc., set in. The thin layer of bloody fluid in the pericardium must have ac- 
cumulated sloAidy in this period of about thirty-seven hours and Avas not enough 
to cause cardiac tamponade. It appeal’s most probable that death Avas a direct 
sequence of the state of shock rather than a direct result of the cardiac niiiture. 
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The state of shock was initiated primarily by thrombotic occlusion of the left 
circumflex coronarj' arteiy and probably aggravated by the process of myo- 
cardial tearing to the point of rupture through the pericardium. 

The marked fibrosis in the inteiwentricular septum probably represents the 
site of myocardial infarction during the first illness in November, 1941. It is 
of interest that the electrocardiograms related to this revealed only minor ab- 
normalities of T waves in Lead III and no notching or prolongation of QRS 
(Fig. 3). The infarction near the apex of the left ventricle, resulting in a slight 
aneurysmal dilatation, occurred almost painlessly at some time between July and 
Dec. 22, 1943. The attack of cardiac pain, which woke him from sleep on Dee. 
19, 1943, and wliich lasted about three minutes and was relieved by nitro- 
glycerin, did not suggest coronary artery occlusion witli myocardial infarction. 
It was interpreted as evidence of considerable arteriosclerotic steirosis of one of 
the larger coronary arteries. A small hemorrhage into an arteriosclerotic plaque 
was visualized, and a program of rest in bed for several weeks was adrised, be- 
cause this event was looked upon as possibly prodromal to coronary arteiy oc- 
clusion. hlicroscopic examination of the ventricular muscle in this region re- 
vealed evidence of active disease, indicating that the infarct was relatively re- 
cent. It now appeal's most likely that the brief episode of pain did represent 
occlusion of the considerably stenosed anterior descending branch of the left 
coronary artery. Thus, about two montlis after this had occurred, fibrosis of 
the infarct was not yet complete. This slow healing may in part account for the 
development of some aneurysmal dilatation which was detected .clinically a 
month after the infarct was initiated. 

The anatomic findings do not provide an adequate explanation for some 
features of the clinical picture. There is the fact that the earliest s^miptoms of 
impaired coronary circulation occurred at night, wakening the patient from 
sleep, and consisted of transitory left shoulder pain with profuse sweating. 
Much later and only after the first episode of coronarj^ arteiy occlusion, did 
he begin to suffer from the more common s.^mptom-complex of substernal and 
left-arm pain on hurried walking, or as a result of acute excitement. Also, the 
first attack was not associated with the development of shock, the second was 
almost symptomless, and the third, the only one that was treated in orthodox 
fashion from the beginning, led to shock and was complicated by rupture of the 
A'entriele, terminating fatallj*. These problems are mentioned in order to in- 
dicate that knowledge of the morpJiologj’' of the heart and blood vessels does not 
solve them; the correct answers mu.st await a fuller loiowledge of pathologic 
physiology. The initiation of cardiac pain, by acute excitement such as anxiety, 
or by a sense of huriy as when the individual fears he may be late in reaching 
his destination as he sits comfortably in a vehicle, are familiar psychosomatic 
phenomena. It has been sho-wn that in the dog’^ the vagus nervm acts as a vaso- 
constrictor for the coronary arteries, and that central or reflex increase in tone 
of the vagus center causes reduction in the quantity of blood flow through coro- 
narj^ circulation. These facts lead one to search for the psychic phenomena 
which may occur during sleep and which would increase vagus tone. Such 
knowledge might account for the central and reflex tjy)e of coronary vasocon- 
striction. Eeeently, IVatigh and Euddick^^ liave reported that during uncompli- 
cated rest in bed there is an increase in coagulability of blood. This fact may 
eventually be associated with others, which might explain the occurrence of 
coronaiy arteiy thrombosis during absolute rest or during sleep, as in three 
of these four eases. 
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Case 3 (J. G. H. 23729 ). — A woman, aged 67 years, was admitted for investigation of 
intestinal hemorrhage and anemia. Carcinoma of the cecum was found. Acute weakness and 
chest pain, lasting about an hour, occurred six days before sudden death. Autopsy revealed 
embolus of vegetation from the mitral valve to the left circumflex branch of the left coronary 
artery and rupture of the left ventricle. 

A small, pale, poorly nourished woman, of 67 j'ears, weighing about 80 pounds, had 
seen blood in her stools occasionally for some years and more frequently for some months 
before admission. She iiad had arthritic aches and pains for many year.«, but no cardiac 
sjTuptoms. Physical examination revealed slight cardiac enlargement and a blowing systolic 
murmur, loudest at the apex, partially masking the latter half of the first sound and sug- 
gestive of mitral insufficiency. Her blood pressure was 150/SO. The cecum appeared to be 
rather broad j large external and internal hemorrhoids were observed; ga.stric analysis was 
normal. An x-ray examination suggested a lesion in tlie lower pole of the cecum and cal- 
cification in the aortic valve. Hemogram: 2.9 million red cells; 39 per cent hemoglobin; 
9,400 white cells; and S3 per cent polymorphonuclear. Blood Wassermann was negative. 
Pasting blood sugar was 108 mg. per cent; nonprotein nitrogen was 24 mg. per cent. On 
July 10, 1940 (the sixth day in the hospital), at 8:30 A.M. the patient suddenly felt very 
weak. She had pain in the left breast region; the pulse was weak, rate, 42. Some pain 
persisted for about an hour and she had wealoiess during the whole day. Her blood pressure 
was 136/70 at 10:00 A.ji. She had a barium enema in the afternoon. A transfusion of 300 
c.c. of blood was given the following day. The stools contained large amounts of dark red 
blood. During the next five daj's she had no pain in the chest but was weak and drowsy 
until sudden death occurred at 10:30 a.m., about a half-hour after an clTectual enema that 
had not caused any discomfort. The patient had been constantly in bed while in the ho.spital 
for twelve days. 

Clinical Diagnosis: Carcinoma of the cecum; severe hypochromic anemia; large hemor- 
rhoids; general arteriosclerosis; moderate cardiac enlargement; mitral insufficiency; and 
calcification of the aortic valve. The autopsy was performed by Dr. M. Simon, and the fol- 
lowing is an abstract of his report. 

Well differentiated adenocarcinoma of the cecum was present near the ileocecal valve; 
there were metastases to the peritoneum, .spleen, omentum, and lymph nodes at the porta 
hepatis. Pulmonary emphysema and internal and external hemorrhoids were obsen'cd. 
Cardiovascular system: the pericardium contained about 300 c.c. of pale, water}’-, blood- 
tinged fluid; the heart was of average size; the epicardium was normal; and a small amount 
of subepicardial fat was present. At about the middle of the posterior wall of the left 
ventricle a linear tear, 12 mm. long, was observed; a probe passed through this tear into the 
left ventricle. The endocardium of the left auricle was somewhat opaque and wrinkled; the 
mitral valve appeared slightly thickened and there was slight fusion of the leaflets: just 
above the line of closure, on the auricular surface of both leaflets, there were four small 
pinkish-yellow vegetations (3 to 4 mm. in diameter). The endocardial end of the cardiac 
rupture was 3 mm. in diameter, situated behind the posterior leaflet of the mitral valve, nearer 
the base than the apex of the left ventricle. The cut surface of the myocardium in the 
vicinity of the tear showed slight reddish-yellow mottling. There was a slight fusion of the 
left coronary and the noncoronaiy cusps at the aortic valve for a distance of about 3 mm. 
at the commissure. The circumflex branch of the left coronarj' artery was somewhat larger 
than -normal. At a point about 3 cm. from its origin, and wliere it gives off a branch which 
goes to the region of the myocardial tear, there was a pinkish-yellow, adherent mass of ma- 
terial which resembled the mitral valve vegetations and completely occluded the arterial lumen. 
The remainder of the coronai-y arteries revealed slight to moderate degree of arteriosclerosis. 
Microscopic examination of the embolus and of the mitral valve vegetations showed them to 
be similar, pink-staining amorphous material with focal collections of poBmiorphonuclear leu- 
cocytes and strands of fibrin and no bacteria. In the region of the tear, the myocardium 
revealed only slight hemorrhage along its edges and extensive replacement of muscle fibers 
by granulation tissue, containing fibroblasts and histiocytes, many containing golden-brown 
granular pignrent. At some distance from the margin of the tear, there were foci of myo- 
cardial necrosis containing polymorphonuclear leucocytes. At only one point near the edge 
of the tear, the connective tissue about a thick-walled artery contained histiocytes, lympho- 
C}i;es, and occasional pol}'raorphonucl6ar leucoc}*tes. Tliis resembled .an Aschoff body. Else- 
where in the myocardium no Aschoff bodies were found. 

The significance of the acute episode of •weakness, bradycardia, and pain 
in the left brea.st region, -which occurred six days before death, -was not reeog- 
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nized. It was considered as part of the clinical picture of arthritic pain in an 
emaciated old lady, suffering also from marked anemia, associated wuth car- 
cinoma of the cecum. If electrocardiograms had been recorded in the interval 
of six days before death, the diagnosis of myocardial infarction probably due to 
coronarj^ thrombosis might have been made. The sudden death might have 
been associated Avith this diagnosis. Death occurred within about two minutes 
after the patient suddenly appeared gravely ill with labored breathing and a 
very small, thready pulse. There was no indication of severe pain. The epi- 
cardial opening was 12 mm. and the endocardial, 3 mm. in length. This sug- 
gests that cardiac tamponade developed rapidly. Except for the x-ray examina- 
tion of the lower bowel, which was carried out in the dorsal recumbent posture, 
this patient had not been disturbed by any special studies and remained con- 
stantly in bed. This did not prevent evolution of infarction and rupture of the 
myocardium. Moreover, there was no hypertension. If the myocardial infarct 
had been recognized, sudden death on the sixth day might have .justified consid- 
ering tlie possibility of cardiac rupture as the cause of death, but other possi- 
bilities such as ventricular fibrillation, occlusion of a large coronaiy artery, etc., 
also existed. 

Case 4 (il. G. H. A-44-41 ). — X man, aged 61 years, had hypertension for more than 
three years. Twenty days before death he began to have cardiac pain only on walking out- 
doors. For eleven hours before death he had severe cardiac pain. Autopsy revealed rupture 
of the anterior wall, involving both ventricles and the interventricular septum and probable 
rupture of the coronary artery. 

This man was a machinist. He had had pneumonia at the age of 27 years. On April 
17, 1941, at the age of 58 years, he experienced numbness and weakness of his left hand for 
several hours, and his blood pressure was 172/90. These symptoms lasted only one day. 
Blood 'Wassermann reaction was negative. On Jan. 25, 1944, he began to have pain across 
both shoulders posteriorly and under the lower front of the chest after walking outdoors for 
a few minutes. This came on more readily soon after meals than when the stomach was 
empty; stopping to rest for a minute or two brought relief. The patient experienced no dis- 
comfort indoors, either at work or rest. Physical examination, Feb. 8, 1944, he appeared 
younger than 61 years and could pass for 50; his weight was 152 pounds, and his height, 
5 feet, 5 inches. Neurological signs were normal; the liver edge was felt 4 cm. below the 
costal border on deep inspiration; and the lung signs were normal. A forceful cardiac apex 
impulse in the fifth left intercostal space, 9 cm. from the midstemal line, suggested some 
cardiac enlargement. The second heart sound had an amphoric quality at the apical and 
tricuspid areas only; no other abnormalities of heart sound were heard. Blood pressure was 
210/110. An electrocardiogram showed normal rhythm; rate, 56; P-E, 0.16 second; QES, 
O.OS second; slurred E in Leads I and H; left axis deviation, suggestive of left ventricular 
enlargement; and inverted T in CF 4 suggestive of myocardial disease in anterior ventricu- 
lar wall. 

Diagnosis: arteriosclerotic and hj-pertensive cardiovascular disease; left ventricular 
enlargement; coronary arteriosclerosis; prodromal stage of coronary artery occlusion. 

Treatment: rest in bed (with bathroom privileges); grain of nitroglycerin for 
relief of pain, and triturate of morphine suKate, % grain, to be taken while awaiting ar- 
rival of physician if nitroglycerin failed to relieve pain. Phenaminophyllin (phenobarbital, 
■•4 grain, and aminophyllin, 1% grains), one tablet every four hours four times a day, was 
prescribed. 

The patient remained at home, but not constantly in bed on February 9, 10, and 11, and 
then, contrarj' to advice, worked (without discomfort) on February 12. He felt well on 
Sunday, February 13. On Monday, February 14, whilst in a streetcar on his way to work 
he began to have very severe pain across the front of the chest and in both shoulders and 
arms. He returned by streetcar and walked about one-eighth of a mile from the streetcar 
to his home, arriving in a state of shock. The pain persisted and grew in intensity; he per- 
spired profusely and his color was ashen gray during the sixty minutes he spent on this 
journey. After reaching his home, at 8:00 am., he initiated vomiting by putting his finger 
in his throat; this gave no relief. Vomiting recurred spontaneously and his wife reported 
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she observed clots of blood in the vomitus. His physician, Dr. Kelligan, came at 10:30 A.ir. 
and found signs of shock. Scarcity of hospital beds delayed his admission to a hospital, until 
he was brought to the Montreal General Hospital at 5:30 P.ir. The pain liad persisted all 
day. He had no dyspnea and he remained clear mentally while in the ambulance. About 
five minutes after reaching the hospital and while still on the carrier stretcher in the ad- 
mitting officer’s examining room, he suddenly expired. The autopsy was performed by Dr. 
J. Pritchard, and the following is an abstract of his report. 

Both pleural cavities were almost entirely obliterated by fibrous adhesions; tliere was no 
evidence of hemorrhage in the gastrointestinal tract; and no evidence of renal arteriolar 
sclerosis was found. Numerous liver cell nuclei revealed glycogen -vacuolization. One small 
area of hemorrhage and one of softening appeared in microscopic sections of the hypothala- 
mus. Cardiovascular system: maximum transverse diameter of the heart in situ was 13 cm. 
and of the chest ca-(’it.v, 28 centimeters. The pericardium was adherent anteriorly to tlie 
sternum and the pericardial cavity contained 300 c.e. of blood and clot. On the anterior 
surface over the region of tlie interventricular groove at a point 5 cm. from the apex, a per- 
foration 1 cm. in diameter was found; its edges were ragged and the muscle surrounding 
it, soft and flabby. A probe passing through it could enter either the right or left ventricle. 



Pig. 5. — Case 4. Cross-section of left anterior descending branch of the left coronary 
artery, tlirough the region which grossly appeared to contain the thrombus and is situated 
in the vicinity of cardiac rupture. Considerable lymphocytic infiltration in adventitia; on one 
side a large atheromatous plaque lies in the thickened fibrosed intima ; the media over this 
plaque is very thin and atrophic ; opposite tliis plaque the continuity of the arterial wall Is 
broken by what appears to be a “blow-out” with edges turned outward. In and near the 
thick intima there is marked hematoxylin staining of tissue suggesting iron, the remains of old 
hemorrhaga In the arteriosclerotic plaque tliere are foam cells, many free red blood cells 
and hemosidirin pigment. In the lumen there is a small fibrin clot enmeshing red blood cells, 
but no platelets. 

On. opening tlie heart, a perforation, measuring 0.5 cm. in diameter was found in the inter- 
ventricular septum, communicating witli the tear in the left ventricular wall. Tlie cut surface 
of the muscle revealed no gross evidence of old or recent infarct; the muscle was uniformly 
brownish red, and, near the perforation, it was soft. The coronary arteries were everjavhere 
patent, revealing little arteriosclerotic changes with the exception of the anterior descending 
branch of the left coronary arter}-; in this vessel, beginning 2.5 cm. from its origin and ex- 
tending for 1 cm., there was a thick arteriosclerotic patch and a thrombus which together 
occluded the lumen. Microscopic examination of this region revealed evidence of old and 
recent hemorrhage into the arteriosclerotic plaque; large foam cells, free red blood cells, and 
hemosiderin pigment; marked atrophy of the media and a defect in the arterial wall whose 
edges were turned outward, very strongly suggestive of rupture (a ^‘blow-out”) (Fig. 5). A 
small fibrin clot enmeshing red cells, but revealing no platelets, appeared attached to the 
intima of the artery. Serial sections revealed marked stenosis of the artery by arteriosclerotic 
plaques, but the arterial nail was intact, except in the one region described previously. Micro- 
scopic examination of the myocardium revealed no evidence of recent or old myocardial in- 
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farction, but only infiltration of blood causing rupture and separation of muscle fibers in tlie 
vicinity of tlie myocardial tear (Fig. C). 

The evidence of recent and old hemorrhage into the arteriosclerotic plaques 
of the anterior descending branch of the left coronary artery indicates that 
the onset of cardiac pain on walking was due to reduction in the size of the 
arterial lumen in these regions. The terminal attack of pain was most likely 
due to rupture of the arterial wall and gradual tearing of the myocardium un- 
til the ventricular cavities communicated with the pericardial cavity, producing 
tamponade and sudden death. 



Fig. 6. — Case 4. Section of left ventricle at softened, lieniorrhagic, ruptured area. 
Note \veTl-preser\'ed muscle and hemorrhagic areas disrupting muscle architecture. No muscle 
necrosis and no cellular inflammatory exudate. 

DISCUSSION 

Statistical analyses of the incidence of cardiac rapture reported by dif- 
ferent authors vary considerably.-'" The ideal pattern of facts should include 
the number of people in the community served by the medical observer or ob- 
server ; tlie number of individuals older than 45 or 50 years and, therefore, can- 
didates for coronarj' arterj’- disease; the number of patients vdth symptoms or 
signs of eoronaiy arterj- disease; the number rath episodes of myocardial in- 
farction ; and, finally, an autopsy should be done on eveiy case of death in the 
community in order to determine the number of cases ivith cardiac rupture. No 
such statistical analysis is to be found in the literature. Our oum experience 
does not permit presenting such a pattern of facts. Three of the four cases of 
cardiac rupture belong to a group of about 12,000 patients (private, consultant, 
and hospital practice) , of which about 1,000 had symptoms or signs of coronarj’’ 
arteiy disease. Four hundred fifty of these presented the clinical picture 
of myocardial infarction; there were 190 deaths and 49 autopsies. Thus, the 
clinician at the bed.side would be justified in thinking of cardiac i-upture in 
terms of three eases in 450 of myocardial infarction; whereas the pathologist 
about to perform the autopsy on a case of myocardial infarction would think 
of the incidence in terms of three in 49. The exact incidence cannot be de- 
termined without ideally collected statistics. In the light of present Imowledge, 
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it appears jiistifia1)le to look upon myocardial niiitnre as a rare phenomenon, 
when thinldng ahont the patient during the course of his illness. Between 70 
and 80 per cent of all reported eases of cardiac rupture, were found in people 
over the age of 60 j’ears. This statistical fact should be of some value in diag- 
nosis and in estimating prognosis. 

The conditions under which cardiac rupture occurred were mentioned in 
only 88 of the 632 cases collected by Krumbhaar and Crowell; eleven during 
■vdolent conditions (severe overexertion, two; convulsions, three; trauma, three; 
and cardiac pain, three) ; 21 during sleep, and the remaining 56 during the mild 
activities or rest of eveiyday life. These statistics are inadequate to indicate 
the relationship of any particular form of exertion to cardiac mpture, but re- 
veal the fact that absolute rest, as during sleep, does not prevent it. In three 
of our patients it occurred during absolute rest in bed; in the fourth it was 
initiated while the patient was seated on a streetcar. 

The diagnosis of cardiac nipture was suggested in one of our four cases 
(Case 2), on what seemed to be direct evidence. There is no typical clinical 
picture or sign. Sudden development of cardiac pain, severe dyspnea, or shock 
wdthin the first two weeks after the onset of myocardial infarction should sug- 
gest cardiac rupture. Paracentesis of the pericardium is a good critical test, 
which should eliminate or establish the diagiiosis, when cardiac rupture is sus- 
pected. If there be a special t^^pe of murmur produced by the ejection of blood 
into the pericardimn, then this has yet to be clearly described and differenti- 
ated from a pericardial friction rub or a vahuilar systolic murmur. In our 
case, the peculiar murmur could have been due to pericardial fibrin deposits; 
it did not resemble that reported by Reznikoff.® 

Cardiac rupture usually occurs in the anterior ventricular wall, involving 
the thicker portions of the ventricle and not the apex, where the ventricular 
wall is thinnest. This suggests that intraventricular pressure does not play the 
dominant role in determining tlie difference between a myocardial infarct that 
does not rupture and one that does. On the other hand, the role of blood pres- 
sure was studied by Edmondson and Hoxie,^ who analyzed data in 72 cases of 
cardiac rupture in a group of 865 cases of recent infarction, and concluded that 
patients ^vith hjqiertension after the establi.shment of the infarct show a greater 
tendency to rupture than those who have a low bloood pressure. However, all 
three of our cases with myocardial infarction had a low or normal blood pres- 
sure. This experience leads us to believe that tlie particular site at which tearing 
is initiated is of greater iniiiortance than intracardiac pressure in determining 
cardiac rupture. If one assumes that a high blood pressure in the presence of a 
myocardial infarct is a significant determining factor, then one must explain the 
absence of rupture in patients who do show marked ly^pertension for many 
hours or days after the infarct develops, and in those who ignore their symptoms 
and continue performing heavy work. The observations made by Lowe® on the 
muscle bundles of the heart suggest that rupture depends upon the point at 
which tearing is initiated. It is very likely that teare of the myocardium occur 
in most cases of infarction, but continuation of the tearing process until the 
entire thielmess of the wall is involved must depend upon tlie plane in wliicli 
it is initiated. 

CONCLUSIONS 

Four cases of ventricular rupture have been described. Three were through 
the left ventricle and occurred within the first six days after coronary artery 
occlusion and myocardial infarction, while the patients were at re.st in bed; 
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these three cases had normal or low Mood pressures; the fourth appears to have 
followed rapture of the anterior descending branch of the left coronary arterj'. 
Cardiac rapture occurs relatively rarely. The determining factor is prob- 
ably the plane of myocardial muscle in which tearing is initiated. Absolute 
rest does not prevent cardiac rupture. The clinical diagnosis mainly depends 
upon pericardial paracentesis, when the condition of cardiac rupture is suspected. 
The general policy of treatment of coronary disease with myocardial infarction 
should not be determined by the fear of cardiac rupture, hut rather by the prob- 
ability that it "will not occur. 
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INTERyENTRICULAK SEPTAL DEFECT .(ROGER’S DISEASE) 
OCCURRING IN A MOTHER AND HER SIX-MONTH FETUS 

Arthur W. Tucker, Jr., M.D., and Thomas D. Kinney, M.D. 

^ Boston, Mass. 

T he present communication is the report of identical congenital cardiac le- 
sions occurring in a 20-year-old mother and in her 6-month fetus. In each 
instance the lesion was a defect in tlie interventricular wall, (Roger’s disease) 
occurring at the base of the heart in the so-called “undefended space.” This 
lesion Avas diagnosed during life in the mother and proved by autopsy, while 
the lesion in the infant was also demonstrated at autopsy. 

It is generally stated that the etiology of most cases of congenital heart 
disease is unknoivn. Heredity has often been mentioned as a possible factor, 
although few cases have been described as occurring in parent and offspring or 
in siblings. Vierordt^ quotes Potocki, v'ho described the case of a man, aged 29 
years, who had pulmonarj’- stenosis and an interati’ial septal defect and whose 
mother had congenital heart disease of an undetermined type. Vierordt also 


From the Mallory Institute of Pathology, Boston City Hospital, Boston, Mass. 
Received for publication Oct. 23, 1944. 


55 


TUCIvER AI^D lONKEY : ROGER'S DISEASE IK :M0THER AKD FETUS 

gives a series, reported by Rezek, of eight eases of heart disease, in two in- 
stances congenital, occurring in four generations of a familj-. Walker- de- 
scribes the case of a father, aged 48 years, and son, aged 18 years, each of whom 
had the classical signs of coarctation of the aorta. 

Abbott,^ in a study of 850 eases of congenital heart disease, found that a 
history of congenital heart disease in the ancestry w'as much less common than 
was one of cardiac defect or other anomalj' in other members of the same gen- 
eration. In this series there was a history of congenital defect in a sibling in 
eleven eases. De la Camp^ described a family in which six children suffered 
from patent ductus arteriosus, and Gurlee^ referred to Kush off's report of 
another faniil 3 ’' in which there were similar cardiac defects in six children in . 
the same famih’. Smith'"’ described patent ductus arteriosus in each of identi- 
cal twins as demonstrated at autop.sj’" and commented on an account bj' Pezzi 
and Carugati" of adult identical twins, both of whom had dextrocardia. Ellis® 
examined two sisters, aged 9 j-ears, 6 months, and 5 j-ears, 3 months, in whom 
the diagnosis of patent ductus arteriosus was made on the basis of the clinical 
signs, while Stern® described dextrocardia as occurring in brothers. 

Further suggestive evidence that certain eases of congenital heart disease 
are due to inherent defects in the germ plasm is the not uncommon association 
of other congenital defects with congenital cardiac abnonnalities. For ex- 
ample, in ■\7'ierordt's series of 700 eases of congenital heart disease there were 
80 eases with associated anomalies, while in Abbott’s^® series of 1,000 cases, 188 
had associated anomalies elsewhere in the bodj'. 

It is quite possible that the paucitj’- of reports of congenital heart disease 
occurring in succeeding generations is due to the fact that relativelj’- few in- 
dividuals suffering from congenital heart disease reach an age at whicli repro- 
duction normally occurs. 


CASE REPORT 

The patient, J. K, (B.C.H. No. 1,002,175), a 20-year-old white woman, para 1, entered 
the hospital on Oct. 22, 1940, complaining that she had fainted without warning. 

The patient stated that at the age of 4% years she was seen at the Boston Children’s 
Hospital because of bilateral congenital inguinal hernias. The hospital record indicates that 
the patient was slightly cyanotic and dyspneie at that time. On physical examination she 
was poorly developed and undernourished. The heart was slightly enlarged to the left and 
to the right. A systolic murmur was heard with the point of maximum intensity at the 
left border of the sternum just below the level of the third rib. A systolic thrill was pal- 
pable in this same area. The liver was slightly enlarged. There was no clubbing of the 
fingers. There were bilateral inguinal hernias. Because of the cardiac findings it was felt 
advisable to postpone surgical repair of the heniias. A diagnosis of patent interventricular 
septum was made, and the parents were ad%'ised to restrict the patient’s activity. 

Eleven years later (193C) the patient Avas seen at the Boston City Hospital because of 
discomfort from the hernias. It was felt her cardiac status at this time Avas such that 
she could undergo an operation, and the hernias Avere repaired without cardiac or other 
postoperative complications. 

The patient continued to be cyanotic upon occasion, and the cyanosis AA-as always 
aggravated by exercise and cold AA-eather. She had an occasional nosebleed but never no- 
ticed any edema of the legs or ankles or dyspnea, and she did not find it necessary to re- 
strict her activity. 

At the time of admission she said that she was six months pregnant. She had suf- 
fered from attacks of intense cyanosis and extreme dyspnea since the onset of gestation. 
These attacks Avere more frequent and more scA-ere as her pregnancy progressed. The first 
episode of syncope occurred on the day of admission, and this so alarmed her that she 
sought immediate hospitalization. 
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The past Instory was of interest in that the patient ^lad frequent attacks of bron 
chitis as a child. The family history, as ‘far as could be determined, was entirely free from 
cardiac disorders. 

Fhysical Examination .— patient was a normally developed, well-nourished, white 
woman in respiratory distress. Her sldn was moderately cyanotic, and tliis was most marked 
about the face and extremities. There was moderate clubbing of the fingers. There were 
a few basal inspiratory rales heard over the posterior lung fields. Auscultation of the 
heart revealed a gallop rhythm and a loud systolic murmur over the upper third of the pre- 
cordium, with the point of maximum intensity along the left border of the sternum at the 
level of the third rib. There was a palpable tliriU over this area. The blood pressure was 
120// 0. An abdominal mass arising in the pelvis and extending to the umbilicus was felt. 
ISTo fetal heart sounds could be heard. 


Hospital Course. Despite oxygen therapy the patient remained dyspneic throughout 
the day of admission and complained of feeling very ill and of liaving severe pain in the 
right shoulder. Suddenly, during the night, her color changed from a deep cyanotic purple 
to a pallid blue; the patient failed to respond to emergency stimulants and expired. 

Lahqratory Findings.— Tim hemoglobin was 95 per cent (Salhi) ; the red blood cell 
count, 5,300,000; and the white blood cell count, 7,500. Tlie differential count and smear 
were considered normal. The urine was negative. 

Autopsy (A40-S60). — The body was that of a normally developed, well-nourished, 
100-pound woman. There was moderately diffuse purplisli discoloration of the face, hands, 
and lower extremities. There was slight clubbing of the fingers. There was no peripheral 
edema. The breasts were hypertrophied and were consistent with mid-gestation. There 
v/cre old healed right and left inguinal operative scars. The abdomen was enlarged by a 
midline mass which extended to the umbilicus, and when the peritoneal cavity was opened 
tliis mass was found to be the uterus, extending 25 cm. above the symphysis. The liver 
was 8 cm, below the tip of the xiphoid process of the sternum. In each pleural cavity there 
were 300 c.c. of clear, yellow fluid. The pericardial cavity was essentially negative. 

The heart weighed 500 grams. All chambers were dilated. The epicardium ^Yas 
smooth and glistening. Tiie wall of the right ventricle was markedly hj’pertrophied. A 
defect measuring 2 cm. in diameter was present in the superior anterior portion of the inter- 
ventricular ■ septum. In the left ventricle the opening presented beneath the left posterior 
and anterior cusps of the aortic valve in the fibrous or so-caUed undefended space (Pig. 1). 
The upper margin of the defect reached to the base of the aortic cusps. In the right ven- 
tricle, the defect presented beneath the medial cusp of the tricuspid valve, the upper margin 
of the defect extending 0.3 cm. above the free edge of the valve leaflet. The endocardium 
of the right ventricle over the area opposite the defect was tliickened and opaque. The 
valves were not remarkable. The coronary arteries were thin waUed and patent. The duc- 
tus arteriosus was represented by a narrow fibrous strand, 0.2 cm. in diameter, and was to- 
tally occluded. The foramen ovale in the intraauricular septum had a 0.3 cm. patency 
anatomically but was considered to be functionally closed. Tlie cardiac measurements were: 


Tricuspid valve 
Pulmonary valve 
Mitral valve 
Aortic valve 
Left ventricle 
Right ventricle 


13.0 cm. 

7.5 cm. 

12.0 cm. 

8.0 cm. 

1.1 to 1.5 cm. 
0.8 to 1.0 cm. 


The right lung weighed o-lO grams, and the left, 440 grams. Both lungs were similar 
and were dark red, boggj', and subcrepitant throughout. When cut, the parenchyma was ex- 
tremely dark red in color and bloody; frothy material was expressed upon pressure. The 
trachea and main bronchi contained a small amount of mucoid material. The pulmonary 
arteries and veins were not remarkable. 

A 3-cm. Meckel's diverticulum was found 90 cm. from the ileocecal valve. The re- 
mainder of the gastrointestinal tract was negative. 

The liver weighed 1,720 grams. The organ cut with usual resistance, and the paren- 
clij-ma was red brown with moderate accentuation of lobular markings. 

The kidneys weighed 250 grams, combined. The capsules stripped readily leaving a red- 
brown surface wliich was smooth except for several depressed scars on both kidneys, with a 
deeper red brown, coarsely granular base. On section the lddne 3 's presented a slightly nar- 
rowed cortex, 0.4 cm. in width. The cortico-medullarj- markings were distinct. The pelves 
and ureters were negative. 
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The adrenal glands Avere negatiA-e. 

The genital organs Avere consistent AA'ith the date of the gestation. There AA^as l.o-cm. 
corpus luteum in the right ovary. The other ovary and tubes Avere not remaikable. Tlie 
uterus measured 30 by 20 by 20 centimeters. Its AAall aaus 0.8 cm. in thicknes=. The 
organ contained a female fetus, 31 cm. from croAvn to heel. The placenta Avas 15 cm. in 
diameter and attaclied to the posterior Avail of the uterus. The placenta and membranes 
Avcre negative. 

Microscopi-o Examination. — Sections of the maternal heart A\ei-e not remarkable except 
that the endocardium over the area in the right ventricle opposite the septal defect showed 
moderate fibrosis. 

Sections of the lung shoAAcd a small amount of serum precipitate and some pigment- 
laden macrophages in ^the alveoli. There Avas clublike dilatation of the intra-alveolar capil- 
laries with marked engorgement and Avidening of the capillary bed. In other focal areas 
there were sections of alA’eolar Avail that AAere avascular and fibrous and thickened to ap- 
proximately tAvice the usual Avidth. 



Fig-. 1. — Gross photograph of the mother’s heart illustrating the interventricular septal defect. 

There was extreme hj-perplasia of the Avails of some arterioles AAith va.‘-cularization of 
the outer layers of the Avail, and fibrin and polymorphonuclear leucocytes present directly 
beneath the intima. Other aiterioles showed less acute leaction \Aith l}'mphocytes, fibrosis, 
and marked narroAting of the lumina. The large pulmonary aiteries shoAAcd no eAudence 
of atherosclerosis. 

The liver, aside from a moderate amount of central vein congestion, Avas not re- 
markable. 

The kidneys AAere similar in microscopic appearance. The parenchyma aaus norma! 
throughout, except for the areas subjacent to the sears, described on gross examination. 
These areas shoAved vasculaiized fibrous tissue Avith infiltration of lymphocytes and atrophic 
tubules. The glomeruli in these areas Avere reduced in number and shoAved some fibro.sis. 
There Avere no significant vascular changes in the kidney. 

The vertebral marroAv shoAAcd a suggestion of hyperplasia of the red series, but this 
Avas not marked, and the other marroAV elements Avere present in approximately the normal 
proportion. 

In the breast the usual proliferation of acinar elements seen in pregnancy wa.'i present. 
It was not otherAvise remarkable. ' ‘ 

The usual changes of pregnancy AAere found in the uterus and sections of decidua and 
membranes Avero negative. 
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The remainder of the organs -were not remarkable. 

The Fetus.— The fetus weighed 640 gram.s and measured 31 cm. in length from crown 
to heel. (Nauwerck, in 1921, gave 434 grams in weight and 28 to 34 cm. in lengtli as 
average for a sbc-month fetus.) There was vcr^- little vernixcaseosa and a moderate amount 
of lanugo liair. The skin was bright red and twinkled about the head. 

The fetal heart weighed 4.5 grams. There was a 0.4-cm. interventricular septal defect 
corresponding exactly, in position and relationships, to the detect described previously in 
the maternal heart. All other structures of the heart were normally developed and con- 
sistent with the age of the fetus. 

The fetal organ weights were: 


Eight lung 

Grams 

6.5 

Left lung 

5.0 

Heart 

4.5 

Spleen 

1.9 

Liver 

34.0 

Kidneys (combined) 

5.0 


Microscopic Examinationi . — The lung of the fetus showed fetal type of alveolar forma- 
tion with some lumen development. There was eosinophilic debris in a few of these lumina. 
There was no evidence of anj' inflammatoiy process anj-where in the sections or involving any 
_ of the blood vessels. 

DISCUSSION 

Embrj’ologists have demonstrated that the subdivisions of the heart are 
completed in that period of development extending from the fifth to the 
eighth tveek of fetal life, during vhieli time the embryo grows from 10 to 20 
mm. in size (vertex to breech). It is at the end of this period that the closure 
of the foramen interventrieulare takes place. The point of union of the aortic 
■with the interventricular septum just below the adjacent ends of the anterior 
and left posterior aortic cusps remains tran.sparent and free of muscle through- 
out post-partum life and is knovm as the pars membranacea septi or unde- 
fended space. The foramen ovale is not closed until post-partum. By the 
eighth week the vahmlar apparatus has almost completely developed. Duinng 
the period from the eighth week of fetal life until birth, the portions of the 
heart that have been delineated undergo further development, but no marked 
transformation of the constituent parts of the heart takes place. This state- 
ment also holds true for the histologic differentiation of these structures, if the 
x'alve apparatus is excepted. 

It is evident from the above that the heart described in the present fetus 
represents a true malformation, since the interventricular septum is always 
completed by the eighth Aveek of fetal life, while the present fetus was at least 
24 weeks old, as demonstrated by the clinical history and by fetal weight and 
measurements. 

A further point of interest rests in the confirmation in tliis ease of the 
frequent observation that, coexistent with one congenital anomaly, others may 
also be present. For example, in 1,000 cases remeAved by Abbott in 1932, 188 
had other congenital anomalies in conjunction Avith that residing in the heart. 
In this case, the bilateral congenital herniae and the jMeckel’s diverticulum 
were associated with congenital cardiac defect. 

Roger’s disease is considered to be the second commonest cardiac con- 
genital anomaly. In Abbott’s series of 1,000 cases of congenital cardiac anom- 
alies, localized ventricular defects were found in 274 cases or 27.4 per cent. 
In these 274 eases, all except 17 of the ventricular defects were at the basal 
portion of the heart. However, only 50 of these cases were unassociated Avith 
other cardiac anomalies. In the two eases described here A^entrieular defect , 
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was the only cardiac anomaly. It is interesting to note that in Abbott ’s series of 
50 cases in wdiich the septal defect was uncomplicated, the mean duration of life 
was onlj’- 141/^ years. 

The persistent cyanosis was of interest in tliis case as it was present 
throughout life. Ventricular defect is considered to belong to the '‘acyanotic’' 
group of congenital heart disease, as the shunt in the heart is from the arterial 
to the Yenous side. The lesions in the small arteries and arterioles of the ma- 
ternal lung are apparently of recent date and the type of change and etiologj* 
are obscure. It is doubtful that these pulmonary vascular lesions plaj'ed a 
role in the production of the patient’s lifelong cyanosis. It is interesting to 
note that no vascular lesions were present in the fetal lung. 


SUMMARY 

1. A case of interventricular septal defect coexistent in a mother and her six- 
month fetus is described. The diagnosis in each case was confirmed by 
autops}'. 

2. This ease suggests a hereditary influence as an etiological factor in the gene- 
sis of certain cases of congenital heart disease. 
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THE EFFECTS OF AMYL NITRITE ON THE DOWNWARD T WAVE OP 

THE ELECTROCARDIOGRAM 

Ejianuel Goldberger, M.D. 

Bronx, N. Y, 

INTRODUCTION 

T he inhalation of amyl nitrite often causes the downward T^ of the electro- 
cardiogram, which is often seen in eases of left ventidenlar enlargement, to 
become upright^-® Plowever, no satisfactory explanation has been presented 
for this interesting effect. Inasmuch as we had previously noted that deep 
inspiration can also cause the doumward T^ of the electrocardiogram to become 
upright, ■* we thought it might be of value to ascertain the relationship between 
the electrocardiographic effects of amyl nitrite and those of inspiration. The 
results of this survey are presented below. 

IMATERI.\E AND JIETHOD 

Wg studied the elTects of amyl nitrite inhalation in a group of twenty-live cases of 
hypertension, enlargement of the heart, and a downward T,. In twenty of these cases respira- 
tory changes were also recorded. 

Standard leads, and tlien^unipolar extremity leads (taken with the author's method of 
obtaining augmented unipolar extremity leads. and with liis indifferent electrode of zero po- 
tentials) were recorded with the patient either sitting or semiiecumbent. As each lead was 
taken the patient was instructed to take a deep breath, hold it a second or so, and then ex- 
hale. The patient was then given a o-minim ampule of amyl nitrite to inhale, while Lead I 
was being recorded. As soon as an increase of heart rate was noted, the series of standard 
and unipolar extremity leads were taken in rotation. This continued for three or four min- 
utes until after the rate had returned to normal. 

GENERAL RESULTS 

In order to correlate the changes in the standard and unipolar extremity 
leads, the following is of value : Although each standard lead records the 
potential difference between the two extremities used. Lead I tends to resemble 
the left arm lead, and Lead III tends to resemble the left leg lead, especially if 
Leads II and III are similar. 

Occasionallj^ auricular premature contractions or ventricular premature 
contractions were produced by the inhalation of amyl nitrite, although sinus 
tachycardia was the most common ai-rhytlimia observed. Occasionally no 
changes in heart rate were obseiwed. This was noted among patients whose 
hearts were verj^ large. The QRS complex usually deriated toward right axis 
deviation. 

T-WA^TE CHANGES 

In sixteen of our twenty-five cases, the downward T^ (and the downward 
T of the left arm lead) became upright after amyl nitrite inhalation. The effect 
of respiration was also recorded in fourteen of these eases. In all of these, 
inspiration also caused the downward T wave to become upright (Figs. 1, 2, 
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and 3). As a matter of fact, as slio^ra in Figs. 1 and 2, the amyl nitrite caused 
changes which are practically identical witli those due to deep inspiration. How- 
ever, in these cases, the tachycardia present after amyl nitrite inhalation was 
not seen during inspiration. In Pig. 3 not only did tlie T of Lead I and of 
the left arm lead become upright after amyl nitrite, but there was also a reversal 
of polarity of T of the right arm lead from (+) to (-). Although inspiratoiy 
studies were done only in the left arm lead in this ease, we have often observed 
this effect of inspiration in tlie right aim lead in other cases with a dovmward 

T 4 

In seven cases, amyl nitrite inhalation caused no significant changes in the 
T wave. The effect of inspiration was noted in five of tiiese cases. Pour of 
these also had no appreciable inspiratory changes in the T wave, and in one 
case the effects of respiration were somewhat different fi'om those of amyl 
nitrite (Fig. 4). 

In two cases, one of which is illustrated (Fig. 5), the T waA'e remained 
downward in Lead I and in tlie left arm lead, but in tlie left leg lead and in 
Lead III, T, which had been upright, tended to become, or became, inverted 
(Pig. 5). The effects of respiration, recorded only in the unipolar extremity 
leads in this case, were very similar to the changes due to amyl nitrite. It may 
be noted that we have frequently observed such changes in the left leg lead and 
in Lead III on inspiration in cases of left axis delation, with or without a doum- 
wafd Tj.^ Attention may also be directed to the marked changes which occurred 
in the left leg lead in this case, in contradistinction to the minimal changes ob- 
served in Leads II and III, 

The effects of amyl nitrite on the T wave in all our cases disappeared 
within three or four minutes, and the T waves became downward again. The 
inspirator}' changes, of course, regressed as soon as the patient exhaled, and re- 
appeared again on inspiration. 


DISCUSSION 

Most authors have ascribed the electrocardiographic changes after amyl 
nitrite inhalation to the fact that it increases coronaiy blood flow.^’^ Actually, 
amyl nitrite not only does this, but also causes a fall in blood pressure, tuehy- 
cardia, and a decrease in the size of the heart.® It is, liowever, not necessary 
to explain the electrocardiographic deviations by means of these physiologic 
changes if we assume that the mechanism re.sponsible for the electrocardi- 
ographic patterns seen on deep inspiration and after amyl nitrite inhalation is 
the same. It must be more than coincidence that, in eighteen of the twenty 
cases in which comparison lietween inspiratory and amyl nitrite effects were 
made, the electrocardiograiihic changes were practically identical. 

It is well Imown that the effects of respiration on the electrocardiogram are 
due to rotation of the heaid; the apex moves downward and the right ventricle 
tends to be more anterior (and the apex more po.sterior) on inspiration.® 

Assuming that there is rotation of the heart after amyl nitrite inhalation, 
the mechanism of its production is iirobably a consequence of the decreased size 
of the heart. The smaller heart would tend to lie more vertically, and thus 
rotation (as described for inspiration) would take place. Another factor is 
the fact that hyperventilation was often observed by us after the amyl nitrite 
inhalation. 

That the tachycardia is not of primary importance is shovm by the fact 
that inspiration causes the same changes without the development of tachy- 
cardia. Furthermore, the T-ivave changes have been shown to be unrelated to 
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Pig-. 4 . — F.S., woman, aged 51 years. Hypertensive cardiovascular disease. Upper row, 
patient semirecuinbent, breatliing quietly. Middle row, patient seniirecuinbent, after inhalation 
of amyl nitrate. Lower row, patient semirecumbcnt, in deep inspiration. 

Fig. 5. — woman, aged 47 rears. Hyperten.sive cardioTOSCular disease, cardiac de- 
compensation. Patient bad been digitalized. Upper row, patient sernirecumbent, breathing 
quietly. Middle row, patient sernirecumbent, after inhalation of amyl nitrite. 


Fig. 1. — r.,4., man, aged 59 years. Hypertensive cardiovascular disease, cirrhosis of 
the liver and ascites. Upper row, patient sitting and breathing quietly. Middle row, patient 
sitting, after inhalation of amyl nitrite. Lower row, patient sitting, in deep inspiration. 

Fig. 2. — B.K., woman, aged 75 vears. Hypertensive cardiovascular disease. Upper row, 
patient sitting, breathing quieUj-. Middle row, patient sitting, after inhalation of amyl nitrite. 
Lower row, patient sitting, in deep inspiration. 

Fig. 3 . — F.L., woman, aged 39 vears. Hypertensive cardiovascular disease. Upper row, 
patient lying, breathing quietly. The left arm lead marked •‘In.sp.” was taken during deep 
inspiration. Lower row, patient lying, after inhalation of amyl nitrite. 
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eitlier the heart rate or blood pressure alterations, and may persist even after 
the heart -rate and blood pressure have returned to normals Although there 
is no question that amyl nitrite does augment coronary blood flow, the effects 
of respiration eeidainly cannot be ascribed to such changes. 

A few words might be said about those cases in which amyl nitrite did not 
cause a reversal of the downward T^. We noted that this usually occurred when 
there was marked depression of the KS-T segment, in addition to a downward 
Tj. In these eases, inspiration was likeivise ineffectual in causing a reversal of 
the downward T wave. This statement, of course, does not answer the funda- 
mental question as to why inspiration should cause a reversal of the doivnward 
T wave in one ease, and not in another. However, discussion of this is outside 
the scope of this paper, and will he presented elsewhere.^ 

In the ease illustrated in Fig. 4, the electrocardiograms before and after 
amyl nitrite inhalation are very similar, with tlie exception of the tachycardia, 
altliough inspiration did cause slight changes. It may therefore be assumed that 
amyl nitrite caused no rotation of the heart in this case. 

CONCLUSIONS 

When amyl nitrite is inhaled it tends to cause a reversal of the downward 
(and the downward T of the left arm lead) which is often observed in eases 
of hypertension and left ventricular enlargement, and the T wave becomes up- 
right. 

These changes usually disappear within three or four minutes. 

These changes are similar, if not identical, to those produced by deep 
insi)iration. They can be explained by rotation of the heart, although other 
faelors may take part. 

When minor electrocardiographic changes occur, they are often much 
more marked in the unipolar extremity leads than in the standard leads. 

'i’lio author ^vishes to express his appreciation to Dr, Frank N. Wilson, Ann Arbor, 
Michigan, and Dr. Louis Leiter, uho read the first draft of the nianuseript, for tlieir valuable 
suggestions. 
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ADDENDUM 

We have also observed, that in normal subjects with vertical hearts and right 
axis deviation, both amyd nitrite and inhalation tend to make Tg, g dovmward. 
Standing also does this. These elianges are also due to rotation of the heart. In 
these cases, forward rotation of the apex around the transverse axis of the heart 
occurs in addition to the rotation described. 


INCIDENCE OP EMBOLIC OR THROMBOTIC PROCESSES DURING 
THE BBIEDIATE CONVALESCENCE PROI\I ACUTE 
MYOCARDIAL INFARCTION 

Richard M, Nay, j\I.D.,* axd Arlie R. Barxes, j\r.D,t 
Rochester, IMixx. 

T he following stud 3 "'was undertaken because of the desire to establish the 
incidence of embolic or thrombotic processes during the period of con- 
valescence from acute infarction of the mj-oeardium. These conditions include 
a second and distinct m^-ocardial infarction, pulmonaiy embolism and infarc- 
tion of the affected pnlmonarA' tissue, cerebral vascular thrombosis or embolism, 
thrombophlebitis, and thrombosis or embolism of a peripheral arteiy. These 
phenomena, occurring during the convalescent period after coronaiy occlusion, 
frequently present serious therapeutic prolilems, and fairU' frequenth’ are re- 
sponsible for the death of a patient whose recoveiy seems otherwise assured. 

review of the literature 

In aii}^ consideration of thrombosis and embolism subsequent to myocardial 
infarction, attention is directed to mural thrombi, either proved to be, or pre- 
sumablj*, located in one or more chambers of the lieart. That tlirombi are fre- 
quentlj' attached to the endocardium subjacent to a region of infarcled mj'o- 
cardium has been noted in man 5 - post-mortem studies. Among the earlier 
records are those of Wolff and White,^ who stated that a mural thrombus almasl 
always occurs in cases of mj’-ocardial infarction; yet in their series of twentj'- 
tliree cases in which necropsj’’ Avas performed, thrombi were mentioned in only 
seven (30 per cent) . Levine and Brown^ reported mural thrombi in thirt.y-eight 
(83 per cent) of fortj’-six eases in which necropsy was performed. Meakins and 
Ealdn^ reviewed the protocols of sixty-two cases and found mural thrombi in 
tAA^entj'-nine (47 per cent). BeanV studj' of three hundred hearts in AAdiich 
there were infarcted regions revealed that 47 per cent of them had mural 
thrombi. Other authors®'® hav^e reported finding mural thrombi in from 17 per 
cent to 66 per cent of cases. 

It is agreed that, prior to organization of thrombi, crumbling of the un- 
attached portions loosens particles wliich maj* then be SAvept through the blood 
chaimels until thev- are arrested by the diminishing caliber of the arteries. In 
the absence of sufficient collateral circulation, infarction results. Since the left 
A^entricle is involved in Aurtuallv’- all instances of mj'ocardial infarction, thrombi 
occur predominantlj’- in the left ventricle, and Avhatever emboli arise from 
such thrombi affect the sj'stemic circulation. Because of the frequencj' Avith 
Avliieh portions of the interventricular septum are involved, both chambers are 
often found to contain mural thrombi. Emboli arising in the right ventricle 
of course lodge in the lungs. 
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University of Minnesota in partial fulfillment of the requirements for the degree of M. S. in 
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In 34 per cent of Bean’s eases in -which only the left ventricle contained 
thrombi, emboli -were noted in the sj’-stemic arteries. He -stated that embolism 
was unusually frequent Avhen a thrombus was attached to the septum. Blumer'® 
noted clinically detectable emboli thirty-five times in twenty-seven of 175 cases. 
The lung was involved sixteen times, and probably in some instances its involve- 
ment was the result of emboli from sj^stemie veins. Cornier and Holt’^^ studied 
data on 287 eases of coronaiy thrombosis and noted sj'-stemic embohc phenomena 
in twenty-eight instances. 

Emboli arising in the chambers of the left side of the heart may lodge any- 
where in the greater arterial tree, but, according to the foregoing studies, they 
are found most frequently in the spleen, kidneys, and brain. Less often, they 
affect tlie mesenteric vessels and the vessels of the extremities. The lodgement 
of large emboli on the bifurcation of the aorta has been the subject of some 
recent reports.^-’ 

A note of caution has been introduced by Blumer, who stated that it can- 
not be assumed that all arterial occlusions are of embolic origin, but that many 
must be the result of thrombosis occurring coincident with, or subsequent to, 
myocardial infarction. 

Pulmonary embolism or thrombosis is frequently encountered among patients 
during the immediate convalescent period.- Emboli may arise from mural 
thrombi of the right auricle or ventricle, or from thrombosis of the sy'stemic 
veins. In Bean’s experience, 75 per cent of the patients with right ventricular 
thrombi/ had pulmonary’- embolism. However, he stated that, in every, instance 
in which massive pulmonary embolism had occurred and had caused death, tlie 
emboli had arisen from the veins of the pelvis or lower extremities. Among his 
three hundred cases, he noted a total of twenty-eight instances of pulmonary 
embolism, but there is no definite information as to the severity of this complica- 
tion. 

Meakins and Eakin reported puhnonaiy embolism in twenty-six of their 
sixty-two cases (42 per cent). This, too, was a study of post-moi’tem material, 
and complications are more frequent among patients who eventually die as 
the result of their illness than among those who recover. Conner and Holt, 
reporting on 287 cases, including patients who recovered, noted puhnonaiT 
embolism in twenty-one instances. Parkinson and Bedford® found pulmonary 
emboli in eight of eighty-three eases in which necropsy was performed and in 
three of 100 eases ante mortem. Of Blumer ’s 175 cases, pulmonarj^ emboli were 
detected clinically in sixteen instances. 

Pulmonary embolism is a serious complication of coronaiy occlusion. Its 
reported incidence varies from 3 per cent in clinical series to 42 per cent in post- 
mortem series. It accounts for a relatively high percentage of deaths in The 
innnediate convalescent period. In the series of sixty deaths reported by Woods 
and one of us (A. R. B.),^^ puhnonaiy embolism was the cause in six instances. 
Master, Back, and Jaffe," in reporting seventy-nine deaths, indicated that nine 
(11 per cent) were the result of pulmonaiy embolism. Five per cent of the 
three hundred patients in Bean’s series died of pulmonary embolism. 

Much attention has been directed to those cases in which pulmonary em- 
bolism occurs postoperative!}’- among surgical patients. Thus, Priestley . and 
Barkeri® found it complicating surgical procedures in 0.52 per cent of the 
sui-gical cases. In 0.20 per cent, it was the cause of death. Spleneetomj'- was the 
operation most fi-equently followed by pulmonaiy embolism; the incidence was 
3.32 per cent. Embolism caused death in 0.77 per cent of eases, however. In 
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instances of laparotomy in which, surgical procedures were done on the female 
pelvic organs, embolism occurred in 3.1 per cent of eases. In analyzing deaths 
occurring in the postoperative period, Priestley and Barker found that pul- 
monary embolism was the cause of death in 6 per cent of %ases. Among 2,381 
postoperative deaths in McCartney’s^® series, pulmonary embolism accounted 
for death in 5.1 per cent of eases.^" Henderson^® noted that pulmonary embolism 
was the eause of death in 6 per cent of his series of surgical deaths during a 
period of ten years. 

On the other hand, Belt^® reported data on fifty-six cases of pulmonary 
embolism, forty of which were medical cases and sixteen surgical cases. In 25 
per cent of the fifty-six cases the patient liad heart disease. Hines and Hunt,^° 
in studying 234 cases of death from heart disease, found pulmonaiy infarcts 
in 34 per cent. The majority of patients had congestive heart failure. Thus 
it would seem proper to devote more attention to pulmonaiy embolism in medical 
eases, particularly in those in wliich the heart is diseased. 

The literatui*e contains few references to the occurrence of a second myo- 
cardial infarction during immediate convalescence from a previous infarction. 
Blumgart, Schlesinger, and ZoU-^ reported data on two cases in which fresh 
thrombi were found in the coronarj' arteries, and in which the patients had 
suffered recent acute myocardial infarction. Both patients were in a state of 
shock and one had congestive failure. Most of the reports concerning complica- 
tions of coronary occlusion do not mention a second attack during the immediate 
■convalescent period. 

Thrombophlebitis is frequentlj^ mentioned as complicating coronaiy throm- 
bosis. Harrington and Wright-^ noted it in five of 148 cases, and thought it 
added gravity to the prognosis. It was present in nine (15 per cent) of Mealdns 
and Ealdn’s® sixty-two cases in which necropsy was performed. Conner and 
Holt^^ reported venous thrombosis in four of their 287 cases. 

Among factors influencing the occurrence of thrombophleliitis are reduction 
of blood pressure and rest in bed. These conditions reduce venous blood flow. 
Fall of blood pressure is one of the cardinal signs of myocardial infarction, and 
the lower level has been shown to be maintained for several weeks. During this 
period, patients are confined to bed and usually are cautioned to be as quiet as 
possible. Thus the venous blood is denied the impetus usuaUj'- imparted by 
contractions of the skeletal muscles and by frequent changes of position. It 
would seem that patients confined to bed after coronary occlusion would show a 
high incidence of venous thrombosis or thrombophlebitis. 

Barker and his associates'-®'^® correlated the incidence of thrombophlebitis 
and pulmonaiy embolism as they occur postoperatively, and found that in 16 
per cent of their eases of thrombophlebitis pulmonary eraboli.sm occurred, and 
that in 6 per cent the embolism was fatal. They and others have pointed out the 
difficulty of detecting clinically the presence of thrombophlebitis, and the true 
incidence is believed to be higher than is generally recognized. 

SELECTION OF CASES 

For this study there were chosen one hundred consecutive cases of coronarj' 
occlusion encountered at the IMayo Clinic from Janiiaiy, 1940, to May, 1943, 
inclusive. The criteria for diagnosis included an attack of severe substemal 
pain, accompanied by sweating, pallor, and fall of blood pressure, and some- 
times by collapse. In all instances, positive electrocardiographic evidence was 
present. In those instances in which death occurred during the period of oh- 
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servation and necropsy was performed, tlie clinical diagnosis was substantiated 
by the morphologic observations. Furthermore, only patients were selected 
who had entered one of the hospitals in Eochester, Minnesota, within a few 
days of the acute attack and had remained for a period of at least two weeks, 
unless death occurred prior to the conclusion of that period. In no case were 
anticoagulants used. Eighty-two of the patients were residents of Eochester or 
lived within a 25 mile (40 Idiom.) radius of the city, an area for which the 
Clinic is the natural medical center. The remaining eighteen lived in more 
distant places, but they adequately fulfilled the other criteria for acceptance. 
A special effort was made to exclude eases in Avhieh there was the slightest 
suggestion that the patients might have come to the Clinic because of the 
severity of the original attack or because of the development of complications. 
In the cases accepted, complications occurred among 36 per cent of the eighty- 
two local residents, and among 38 per <;ent of the nonlocal residents. We be- 
lieve that the cases represent an average group of patients similar to those seen 
in any city of comparable size located in a predominantly rural sector. 

After the eases had been selected, the clinical records were examined eare- 
fuEj’’ for evidences of complications invohnng the vascular system. Eigid 
criteria for the actual oceuiTcnce of a complication -were established. In those 
instances (eleven) in -which death occurred and necropsy -was performed, the 
protocols of the post-mortem examination were reviewed. In addition, the hearts 
were examined to verity the presence of myocardial infarction. In two eases 
of death, necropsy was not performed. In those instances (eighty-seven) in 
■which the patients recovered and %vere dismissed from the hospital, the foUovdng 
requirements for diagnosis of a vascular complication were set : 

1. Subsequent Myocardial Infarction . — The diagnosis indicated, that a 
second and distinct myocardial infarction occurred while the patient was in bed 
in the hospital convalescing from the original attack. Such a diagnosis was 
made only after the occurrence of prolonged and typical pain, accompanied by 
a fall of blood pressure, characteristic fever, leucocytosis, and increased sedi- 
mentation rate, and by definite electrocardiographic evidence of a second infarc- 
tion. 

2. Pulmonary Embolism . — A diagnosis of pulmonary embolism was made 
-when patients experienced a sudden, sharp pain in the thorax, with dyspnea 
and the development of a pleural friction rub, hemoptysis, and slight fever. 
In those instances in which roentgenograms were taken, there was positive 
evidence of infarction. 

3. Cerebral Embolism or Thrombosis . — ^When sudden hemiplegia developed, 
a diagnosis of embolism or thromliosis of a cere1)ral vessel was made. 

4. Arterial Occlusion . — This condition Avas recognized when signs of ai’terial 
insufficiency of an extremity developed suddenly. 

5. Thrombophlebitis . — Such a diagnosis Avas considered AA'hen there Avere 
signs of local A^enous obstruction and inflammation. When deep Amins were 
affected, there Avere pain and tenderness along tlie course of the veins, together 
Avitli sAA'elling of tlie extremity inAmlAmd. In those instances in AAdiieh super- 
ficial veins Avere inA’olved, the thrombosed Amins could be palpated and there 
Avere local pain, redness, and heat. 

.SEX AND AGE 

SeAmnty-six of the jiatients AAmre men, and tAventy-four weim Avomen. The 
average age of the male patients AA'as 57.9 years, that of the female patients 
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was 61.9 years, and that of the entire group was 5S.8 years. The .youngest 
patient was thirty-nine years of age, and the oldest patient was eiglity-three 
years old. Talile I indicates tlie ages by decades. 

The sex and age distribution of the patients in this series corresponds closely 
to that in other series of patients suffering from coronary occlusion and myo- 
cardial infarction. 


PERIOD OF OBSERVATION 

Fourteen of the patients were in bed in a hospital when the occlusion oc- 
curred. In seven cases the occlusion occuiTed postoperatively, but in tlie other 
seven cases no operation had been perfoimed. In the postoperative group, five 
patients were convalescing from transurethral resection and two from an opera- 
tion on the stomach. Of the eases in which no operation had been performed, 
two patients had mild congestive heart failure, one patient was hypertensive, 
one had carcinoma of the bladder, one had carcinoma of the larynx, one was 
undergoing treatment for malnutrition, and one had been hospitalized because 
of symptoms of impending occlusion. 

Of the remaining eighty-six, fifty-one entered the hospital within tAventy- 
four houi-s of the time of occlusion, five entered during the second twenty-four 
hours, and thirty entered an average of eight days after the acute occlusion. 

BLOOD PRESSURE 

Forty-two patients were ImovTi by Clinic records to have had antecedent 
hypertension. Patients Avere considered to be hypertensive when the blood 
pressure exceeded 150/100, and Avhen examination of the ocular fundi reA'ealed 
arteriolar changes associated Avith chronic hypertension according to the criteria 
of Wagener and Keith.-" 

Similarly, forty-six patients Avere knoAAm by Clinic records to have normal 
blood pressure. In tAveh’e cases, no definite information concerning the blood 
pressure prior to myocardial infarction was available. 


Table I. Age of Patients by Decades 


AGE 

(YR.) 

PATIENTS 

30 to 39 

2 

40 to 49 

19 

50 to 59 

29 

60 to 69 

33 

70 to 79 

15 

80 to 89 

2 

Total 

, 100 


PREA'IOUS CORON^VRY DISEASE 

Forty -three per cent of the patients gave a histoiy of angina pectoris for 
periods varying from one month to sixteen years. The aA^erage duration of 
angina had been two j^ears and nine months. Of this group, tAveiity-one patients 
Avere hypertensive. They had had angina an average of three years and ten 
montlis prior to their infarction. Sixteen of the patients aaFo had had angina 
had had normal blood pressure, and the duration of angina had been tAvo years 
and tAvo months before occlusion occurred. Six of the tAvelve patients AA’hose 
antecedent blood pressure Avas unlnioAvn had had angina an average of tAvo 
year's prior to their myocardial infarction. TAvelve of the entire group of 
patients had had one myocardial infarction prior to the one obserA'ed liere. 
Three of these patients died during their staj’- in the hospital. 
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CONCURRENT DISEASES 

Ten patients liad diabetes mellitus. Two of them had vascular complications 
and one patient died. One patient had syphilis and had received treatment for 
tabes dorsalis. This patient died. One patient had carcinoma of the larj-nx 
and one had carcinoma of the urinaiy bladder. The remaining patients had no 
other significant disease. 


LOCATION OR INFARCT 

The position of the infarcts was ascertained by using the Q-T patterns 
according to the method of one of us (A. R. Fifty-two per cent of the 

infarcts were thus found to be in the anterior apical portion of the left ven- 
tricle, and 41 per cent were found to be in the posterior basal portion. In 7 
per cent of the cases, the electrocardiogram was thought to indicate acute m- 
farction, but the locations were not definitely established. Six of these patients 
died, and, at necropsy in each ease, acute infarctions Avere found in the inter- 
A^entricular septum. 


AVASCULAR complications 

Of the one hundred patients, 37 per cent suffered from complications 
of a thrombotic or embolic nature. Tiventy-eight per cent of the total group 
had only one complication, Aidiereas 9 per cent had multiple complications 
(Table II). 

Fifteen patients had a second and distinct myocardial infarction. In tivelve 
instances, the second infarction occurred during the fourth to the thirteenth day 
after the fix’s! infarction, whereas, in the remaining three cases, the second in- 
farct occurred on the tAventieth, tAventy-ninth, and sixty-eighth day, respec- 
tively. Of the fifteen patients with multiple infarctions, ten had had normal blood 
pressure prior to their first infarction. Thus, 22 per cent of the patients Avho 
had had normal pressure prior to the first myocardial infarction had subse- 
quent occlusion of a coronary vessel AAuth consequent myocardial infarction. 
On the other hand, only 5 per cent of the hypertensive patients had subsequent 
coronaiy occlusion and myocardial infarction. Among the patients Avhose 
antecedent blood pressure Avas unlmcAAm, there occurred second infarctions hi 
three instances (25 per cent). A second infarction caused the death of one of 
the patients, a 43-year-old man aaRo had normal blood pressure. 

Pulmonarj' embolism and infarction occurred fourteen times in the entire 
group; it affected seven patients aaRo had hypertension and six patients Avho 
previouslj^ had had noi-mal blood pressure, and occurred once among the tAvelve 
patients AA^hose preAuous blood pressure AA^as unloioAAm. Pulmonary embolism Avas 
the cause of death in one instance. Embolism occurred on the fifth day in one 
case, but, in the remaining clinical instances of embolism and infarction, the 
embolism occurred during the sixteenth to the thirty-seventh day. 


Table II. 


Incidence of Vascul.\r Complications in 100 Cases op Acute Myocakdial 
Infarction; Total. Patients AVith Co-mplications, TmnTv-SEvEK 


COJIPLICATIONS (MULTIPLE IN SOME CASES) 

INCIDENCE 

Second mvocardial infarction 

15 

Palmonar^' embolism 

U 

Cerebral vascular accident 

8 

Thrombophlebitis 

7 

Peripheral arterial occlusion 

4 

Total complications 

48 
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Table m. Coiiplicatioxs With Eespect to Patient pRE\aous Blood Pkessuee 


COMPLICATION ' 

j NO 

1 HYPERTENSION 

HYPERTENSION 

1 CASES 

1 PER CENT 

1 CASES 

1 PER CENT 

Second myocardial infarction 

10 

22 

2 

4 

Pulmonary embolism 

6 

13 

7 

17 

Cerebral Tascular accidents 

1 

2 

7 

17 

Thrombophlebitis 

3 

6 

3 

7 

None 

26 

57 

23 

55 

Total 

46 

100 

42 



Cerebral vascular accidents occurred in eight cases. However, among 
patients who had had antecedent noi-mal blood pressure, they occurred only 
once (2 per cent), whereas, among patients who had had hypertension, they 
occurred seven times (17 per cent) and were the cause of death in two in- 
stances in the latter group. In both of these cases, necropsy revealed that the 
vascular occlusion was the result of intravascular thrombosis. This complica- 
tion occurred during the tenth to the twentieth day in five cases, and on the 
fourth, seventh, and forty-first days in the remaining three cases. 

The left femoral arteiy of one patient was suddenly occluded on the tenth 
day after myocardial infarction. This patient subsequently died from pul- 
monaiy embolism, and at necropsy no mural thrombus was found. In -three 
other cases infarcts of the spleen or kidneys, or both, were found at necropsy. 

Thrombophlebitis was a complicating factor among seven patients, three of 
whom had had hypertension and three others had had normal blood pressure 
prior to myocardial infarction. One patient whose blood pressure prior to myo- 
cardial infarction was unlmown had thrombophlebitis. Five of the patients 
had subsequent puhnonarj' emboli and infarction, and an embolus was the cause 
of death of one of these patients. 

Table III indicates the incidence of complications vnth respect to the level 
of the patient’s blood pressure prior to myocardial infarction. 

CONGESTIVE HEART FAILURE 

Six patients who had had hjqiertension had congestive heart failure during 
at least a part of their hospital stay. Two of these patients had no complications. 
A third patient had a definite pulmonary embolus on the thirtieth day. The 
other three patients died, and, at necropsy, one was found to have thrombo- 
phlebitis of the systemic veins and multiple pulmonary infarcts. The second 
patient had mural thrombi in both ventricles and multiple pulmonary infarcts. 
The third patient had a friable, irregularly shaped embolus in the left pulmonarj' 
arteiy. There was no mural thrombus in this case. The source of the embolus 
was not ascertained. 

Of the patients who had had antecedent normal blood pressure, two ex- 
hibited evidence of congestive heart failure. One patient died. At necropsj' 
a right-sided pulmonary infarct and a nonfatal embolus in the left pulmonary 
arteiy were found. There was a mural thrombus in the left ventricle. The 
second patient had no complications. Congestive heart failure was present in 
one patient whose blood pressure before infarction was unknown. This patient 
had a pulmonary infarction on the twenty-sixth day. 

DIGITALIS 

Only twelve of the patients were given digitalis in therapeutic doses. Seven 
of these had vaiying degrees of congestive heart failure. In four instances, 
digitalis was given to patients because decompensation was thought to be im- 
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Table A'^ascltlar Complicaotoss Amokg Patients Who Deceived Digitalis 


CASE 

hyper- 

1 TENSION 

CONGESTIVE 

HEART 

FAILURE 

SUBSEQUENT 

INFARCTION 

PULMONARY 

EMBOLISM 

THROMBO- 

PHLEBITIS 

ARTERLVL 

OCCLU.SION 

DE.tTH 

3 

Group 2 


— 

Present** 

Present 

Present 

Yes 

4 

Group 1 

Present 

— 

Present 

Present 


Yes} 

5 

Group 2 

— 

- 

— 

— 

Present 

Yes} 

22 

Group 1 

— 

— 

- 



No 

23 

Group 2 

Present 

— 

Present 

— 


No 

31 

Group 1 

Present 

— 

Present 


Present 

Yes 

37 

Group 3 

Present 

— 

— 


— 

No 

00 

* 

— 

Present 

Present 



No 

57 

- 

Present 

_ 

Present 



Yes} 

.58 

— 

Present 





No 

69 

— 

— 




_ 

No 

88 

Unknown 

Present 

- 

Present 

- 

- 

No 


‘Fatal pulmonary embolus. 
tJIural thrombus present in heart 


minent but bad not yet developed. In one case, 6 c.e. of lanatoside-C (Cedilanid) 
■were given to a patient who had auricular fibrillation. Pulmonary embolism 
and infarction occurred in five of the seven eases complicated bj’^ failure in 
which the patients received digitalis. Among the five patients who did not 
have congestive heart failure, thi'ee had vascular complications. Five of the 
twelve patients died. Pulmonarj* embolism was the cause of the death of one 
of these. Table IV shows the complications which occurred among the patients 
who received digitalis. 

DEATHS 

Thirteen of the 100 patients died during their stay in the hospital. In four 
cases vascular phenomena were the cause of death : two patients died of cere- 
bral thrombosis, one of pulmonary embolism, and one of a second coronary oc- 
clusion. Seven patients died suddenh’’, and the mechanism of death was not 
Imown clinically. Five of these patients were examined post mortem. In four 
eases there were multiple pulmonary infarcts, and fresh thrombi were found 
in the pulmonary arteries. In the opinion of the pat]iologi.st, these were not the 
principal cause of death. Two patients died of myocardial failure. 

Eleven of the thirteen patients who died were examined post mortem. In 
seven hearts there Avere mural thrombi in the left ventricle. Thrombi were 


Table V. Deaths 


case 


hyper- 

CONGESTm: 

HEART 

SUBSEQUENT 

1 

PULMONAPvY 1 

THROSIBO- 

ARTERIAL 

TENSION 

FAILURE 

INFARCTION 

EMBOLISM 

PHLEBITIS 

OCCLUSION 


Group 2 

Group 2 

Group 1 
Group 2 
Group 2 

Group 2 

Group 2 
Group 2 

Group 1 


CAUSE or 
death 


Present 

Present 

Present 

Present 


Present 


Present 

Present 


Present 

Present 

Present 
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Sudden death' 
Coronatj' 
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Sadden death f 


*In these seven cases, deatli was sudden and the exact cause was unknown. 

tMural thrombi present. 
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present in both ventricles in two instances, and, in addition to left ventricular 
thrombi, auricular thrombi were noted in four instances. Data pertinent to 
these patients are summarized in Table V. 

com:ment 

This series of one hundred eases is too small to allow one to make dogmatic 
statements concerning the statistical data accumulated. However, such data 
may be considered suggestive. 

Of primary interest is the high (37) percentage of thrombotic or embolic 
complications. In four instances such complications were the cause of death, 
and in eight eases these complications were important contributing factors to 
the death of the patients. Of those patients who had complications and lived, 
the complicating factor probably had no serious conseciuences in eight instances. 
However, in seventeen eases the complications were of definite importance to the 
patient, for fourteen of them ^ had subsequent myocardial infarction, mth 
further diminution of cardiac reserve, and three other patients became perma- 
ment invalids because of hemiplegia following cerebral thrombosis or embolism. 

Thus, we may say that complications of a vascular nature were of major 
importance in 78 per cent of the eases in which they occurred. If we consider 
the entire group of one hundred cases, important complications occurred in 
twenty-nine cases. 

It is also interesting that, in those instances in which a second coronary 
occlusion and myocardial infarction occurred, ten of the patients had been . 
loiow to have normal blood pressure prior to the occlusion, whereas only two 
had been h 3 "pertensive. If the second occlusion was of thrombotic origin, it is 
conceivable that an important precipitating factor could have been the fall of 
blood pressure after the original occlusion and infarction. l\raster. Jaffe, Dack, 
and Silver^® noted that, in 57 per cent of 538 cases of coronary occlusion, there 
was a rapid fall of blood pressure, whereas, in 43 per cent, the fall was gradual, 
and the blood pressure attained the minimal value in one to three weeks. In the 
majoritj' of their cases, the lowest pressures were reached between the twelfth 
and the twentieth daj^ Among persons with normal blood pressure, the systolic 
pressure fell to less than 100 mm. Hg in 71 per cent of the cases, whereas, among 
patients who had hj'^pertension, the s.ystolic pressure reached 100 mm. Hg in only 
27 per cent of the cases. 

Prom these data, one might postulate that further thromboses would be 
more likel.v to occur among persons with normal blood pressure than among 
hjTDertensive persons, and, in our cases of a second occlusion, we find such a 
relationship. 

Pulmonarj'' embolism was the cause of death of only one patient. However, 
it contributed considerablj’ to the death of five other patients. In six cases, 
there were no apparent serious consequences of embolism. Thrombophlebitis 
was present in three case.s of puhnonar}* embolism. 

Six of the patients who suffered from pulmonain’- embolism died during 
their stay in the hospital. Necropsy was performed, and. in four cases, mural 
thrombi were found in the right auricle or ventricle. The percentage incidence 
of pulmonary embolism in this series is approximately the same as that reported 
bj” other authors in similar series of cases. 

In considering cerebral thrombosis or embolism, it is probablj- significant 
that this accident occurred in 17 per cent of the patients Avho had ln*pei-tension. 
but in only 2 per cent of the nonhj'pertensive patients. In two of the eight 



74 


AM'ERICAlSr HEART JOURNAL 


eases in which this complication occurred, the pathologic process was demon- 
strated by necropsy to be thrombosis. In Bean’s eases, cerebral vascular acci- 
dents were embolic in six instances and thrombotic in nine instances. Here, too 
the postinfarction fall of blood pressure may be a precipitatmg factor. An addi- 
tional factor probably is local arterial disease, so commonly found in the cere- 
bral vessels of h^Tpertensive patients. 

Factors contributing to thrombophlebitis or venous thrombosis of the 
extremities have been mentioned premously. For purposes of emphasis, ive 
repeat that they include lowered systemic blood pressure, enforced rest in bed, 
and lack of movement of the extremities. Clinical investigations on patients 
who had myocardial insufficiency have indicated a reduced blood flow, and Smith 
and Allen®® have reported that the venous circulation is significantly slowed 
in 82 per cent of cases after major surgical procedures. It may be expected 
that venous stasis is present hr as high or higher percentage of patients who 
have myocardial infarction. 



Days after myocardial infarction 

Fig. 1, — ^Time of occurrence of complications with respect to blood pressure. The paral- 
lelograms represent valuc.s explained in the paper. The curves are derived from a study w 
Master. JaUe, Dack, and Silver.^ 


We believe that it is important to comment on the time of occurrence 
of the complications which presumably involve thrombosis. Eiglity-seven per 
cent of the instances of second myocardial infarction occurred bettveen the 
fourth and the twentieth day. Eighty-seven per cent of the instances of cerebral 
vascular accidents occurred tvitliin the same period. Eigbt 3 '-six per cent of 
the eases of thrombophlebitis were noted between the tenth and the sixteenth 
daj'. It is probablj- more than coincidence that the great majority of complica- 
tions occurred dmlng the time tliat the lowest levels of blood pressure were 
maintained. This relationship is illustrated in Fig. 1. 

Because of the small number of patients who received digitalis, we can 
onlj* comment with interest on the role of this drug in eansmg vascular complica- 
tions. In assaying digitalis, iMachf*^ found that, during injection of tincture 
of digitalis into cats, the coagulation time was progressivety shoitencd from 
six minute.s to one minute and fifteen .seconds. He noted a similar eftcct in 
assaying ouabain. ^Vllen he heparinized the eats, be found that the amount of 
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tincture of digitalis required to cause the heart to stop was increased from 
8.5 c.c, per Idlogram to 10.2 c.c. per kOogram. This effect he thought was due 
to prolongation of the coagulation time. j\Iacht concluded that, under certain 
pathologic conditions, digitalis promotes intravascular clotting and predisposes 
to thromho-emholie accidents. 

De Takats, Trump, and Gilbert^- presented data on four cases which they 
interpreted as illustrating the effect of digitalis on the clotting mechanism. 
Furthermore, thej'- reported a diminished effect of heparin on both human beings 
and dogs in the presence of digitalization. In another article, de Takats^® stated 
that, after cardiovascular accidents, patients show decreased tolerance to heparin. 

Of our group of twelve patients who received digitalis, seven had pulmonary 
embolism and infarction, and another had multiple infarcts in the Iddnej's. De- 
tectable tlu’ombophlebitis was present in two cases. It must be remembered 
that seven of the patients had congestive heart failure, a condition which in 
itself fosters thrombosis. 

Further study is neeessaiy to define clearly tlie role of digitalis in tlirombo- 
embolic phenomena among human beings. 

SUMMARY 

One hundred consecutive eases of acute coronaiy occlusion and myocardial 
infarction were studied, and the incidence of subsequent intravascular throm- 
bosis or embolism during the inunediate convalescent period has been tabulated. 

Complications of a thrombotic or embolic nature occurred in thirty-seven 
cases. In four cases the eomplieation caused the death of the patients, in eight 
cases the complications were contributing factors in the death of the patients, 
and in seventeen other cases the eomplieation was of considerable importance 
in the future health of the persons concerned. 

A second myocardial infarction occurred in fifteen cases, pulmonary em- 
bolism occurred in fourteen eases, cerebral thrombosis or embolism complicated 
(jight cases, arterial occlusions were noted in four instances, and thrombo- 
phlebitis complicated seven cases. 

Forty-six of the patients were laiown to have had normal blood pressure 
prior to the coronaiy occlusion and myocardial infarction. Ten (22 per cent) 
had subsequent myocardial infarctions during the immediate convalescent 
period. Forty-two of the total group of one hundred patients had had hyper- 
tension prior to coronary occlusion, and two (5 per cent) had subsequent mjm- 
cardial infarctions during the immediate convalescent period. In twelve cases, 
the blood pressure prior to coronaiy occlusion was not definitely laiovn. Three 
of these patients had a second myocardial infarction during their residence 
in the hospital. 

Eight 3 '-se veil per cent of the eases of second myocardial infarction and 
87 per cent of the instances of cereliral vascular accidents occurred between 
the fourth and the twentieth day, and 86 per cent of the cases of thrombo- 
phlebitis occurred between the tenth and the sixteenth day, periods when the 
blood pressure of patients who have acute myocardial infarctions has been 
demonstrated to be at the lowest levels. 

Thirteen of the patients died. Two of them died as a result of cereliral 
thrombosis, one from pulmonaiy embolism, and one from a second myocardial 
infarction. Two other patients died of congestive heart failure. In seven in- 
stances deatli was sudden, but the exact cause was not ascertained. 
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A CASE OF INFECTION WITH BRUCELLA SUIS, CAUSING ENDO- 
CARDITIS AND NEPHRITIS; DEATH FROil RUPTURE OP 

MYCOTIC ANEURYSM 

Elmer L. DeGowin, M.D., John R. Carter, ]\I.D., and Irving H. Borts, M.D. 

Iowa City, Iowa 

D espite the increasing frequenej' with which brucellosis is being recognized 
clinically, reports of anatomic studies made at autopsy are rare. In 1937, 
von Albertini and Lieberherr^ collected from the literature, and supplemented 
from their own experience, reports of thirty-nine cases in which pathologic 
examination had been performed. Of these, fourteen lacked histologic studies 
and two were examined only by biopsy. The authors included eight cases of 
their own. It is obvious from their bibliography, however, that they did not re- 
view the English literature. 

Forbus^ states, ‘ ‘ There are three fairly well-defined types of fatal brucellosis, 
namely (1) the septicemic or relative^' acute fonn, (2) the focal or localized 
form of infection, again relatively acute, and (3) the chronic hmiphogranuloma- 
tous type with prolonged eoui-se. ” In the second type must be included the 
rarely reported eases of Brucella endocarditis. 

In 1897, Hughes^ reported three eases in which endocarditis was found 
as a complication of infection Avith what Avould now be termed Brucella 
melitensis. Scott and Saphir^ studied a patient Avith Br. abortus bacteriemia 
Avho AA'as found at autop,S3' to haAm friable A-egetations on scarred mitral and 
aortic Amlves. De La Ohappelle® reported the case of a patient Avhose blood 
culture Avas positNe for Br. meliteims A. The aortic valve Avas found at autopsy 
to liaA'^e fresh vegetations superimposed on old scarring. Casanova and dTgnazio® 
performed an autopsy on a patient and secured a pure culture of Br. melitensis 
from vegetations on the aortic vaNe. UlceratiA^e endocarditis Avas observed at 
autopsy by Gounelle and Warter" in a patient Avhose blood culture contained 
Br. melitensis. Rennie and Young® .studied a patient Avhose blood contained 
Br. abortus. At autops.A', fresh A^egetations AA'ere found on a scarred and stenotic 
mitral AmNe. In 1938, LcA’y and Singerman® reported the case of a patient 
AA'hose blood culture yielded Br. melitensis. At autopsy, friable vegetations AA-ere 
found on a scarred mitral vah’e. Smith and Curtis*® published studies on a 
patient AA’hose blood cultures A\’ere positive for Br. abortus. At necropsy, tliere 
AA'ere ulcerative, thrombotic vegetations on the aortic valve. Patchy areas of 
calcification Avere found in the leaflets of the aortic cusps. The interaurieular 
septum Avas the site of an ulcerated, aneurysmal dilatation. Spink and Nelson**- 
studied a patient AA'ith brucellosis complicated by endocarditis. At autopsy, 
vegetations aa’ci’c found on a prcA’iously normal aortic A’ah’e. Br. abortus AA’as 
obtained in pure culture from these vegetations. Wechsler and Gustafson*- re- 
ported the occurrence of Brucella endocarditis on a bicu.spid aortic valve. 
Spink, Titrud, and KableF® obtained a pure culture of Br. abortus from vegeta- 
tions on the mitral valve of a patient A\’ho died of brucellosis. Scarring of tlie 
mitral and aortic valves and the presence of Aschoff bodies proA’cd the ]>rior 
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existence of rheumatic endocarditis. Call, Baggenstoss, and Merritt^^ have 
recently a,dded reports of two cases in which infection with Br. abortus M-as 
proved by blood culture. In one, fresh vegetations were found on the aortic 
valve, and, in the other, on the mitral valve. In both cases there was evidence of 
pre-existing rheumatic endocarditis. 

Involvement of the endothelium other than that of the heart by Brucella 
is apparently even more rare. Mycotic aneurysms of clinical importance have 
seldom been reported in brucellosis. Rupture of a mycotic aneurysm of the 
basilar arteiy was found by Hansmann and Schenken^= at autopsy on a patient 
whose cultures of blood and spinal fluid contained Br. suis. Ehiighton^® reported 
the case of a man with fever whose blood contained agglutinins against Br. 
aborhis and Br. melitensis in a dilution of 1:100. A clinical diagnosis of 
^ Brucella endocarditis was made. A mycotic aneurysm, 6 by 8 cm., involving 
the riglit axillary and subclavian arteries, developed. Recovery of the patient 
was attributed to ligation of the aneur 3 '^sm. 

In their extensive studies on Brucella infections in Iowa, Hardy, Jordan, 
Boris, and Hardy^” concluded that, in general, Br. suis is more virulent for 
man than Br. abortus. From animal inoculation and clinical experience, it has 
been thought that the porcine strain was also more virulent than the caprine 
species, Br. melitensis. It is therefore remarkable that endocarditis has not 
hitherto been reported as a complication of irrfection with Br. suis. That the 
organism attacks endothelium is proved bj’- the ease of m.vcotic anemysm re- 
ported ly Hansmann and Sehenken.^® Spink and Nelson” considered that in 
manv' of the eases reported as Brucella endocarditis the diagnosis was not 
proved. They demanded that such a diagnosis be substantiated by bacteriologic 
and anatomic evidence obtained at autops 3 ^ 

■\Ve will report studies on a patient with endocarditis and diffuse nephritis 
who died from rupture of a mj’-cotic aneurysm. The significant lesions were 
proved to be due solely to Br. suis. The evidence presented meets the rigid 
criteria set up ly Spink and Nelson. As far as we can ascertain, this is the first 
re 2 )ort of endocarditis proved to be caused bj’’ the porcine strain of Brucella. 

CLESUCAL OBSERVATIONS 

M. K., a farmer, 45 j-ears old, was admitted to the University Hospital Dec. 10, 1943, 
in semistupor. His wife said that, during September of that year, malaise and intermittent 
fever had gradually developed. He had performed his work on the farm, interrupting it 
with intervals of a few days in bed. After October G, he had been in bed continuously. 
His wife had kept a daily record of his temperature; this is included in Fig. 1. During 
November, his attending physician had administered sulfanilamide for one week with no 
diminution of fever, or alleviation of sjauptoms. About December 1, his condition became 
noticeably worse. He had been alternately delirious and somnolent. An eruption had 
appeared on the skin, and the ankles had become swollen. 

Upon admission to the hospital, examination revealed a well-developed and well-nourished 
man, 5 feet 4 inches (1G2.5 cm.) in height, weighing- 149 pounds (67.7 kg.). He was stuporous 
and disoriented. There was some evidence of dehydration. Purpuric areas were present, 
particularly in the skin over the legs and feet, although there were a few on the upper part 
of the body. In addition, there was a faun-colored maculopapular eruption which was 
confluent over the thorax and abdomen. Edema over the ankles pitted to a depth of o 
millimeters. The accessible lymph nodes were not enlarged. There was no pallor, cyanosis, 
or fly.-pnea. The eyes appeared normal. The extraocular movements were normally per- 
formed. The pupils reacted to light and in accommodation. The ocular fundi contained no 
hemorrhages, edema, or areas of degeneration. The nose, ears, teeth, and tongue were nega- 
tive. The neck was not remarkable. The heart was normal with respect to size, rate, and 
rhythm. The quality of the heart sounds was not altered. .A soft, blowing, systolic murmur 
wius heard o\er the entire precordium. The contour of the peripheral arterial j>ul.=e was normal. 
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The blood pressure measured 150/82. The lungs were normal. There was some ga.eo«« di. 
tention of the abdomen. The liver and spleen could not be palpated. There was no cadence 
0 free fluid m the peritoneal cavity. The genitals and rectum wore negative. The prostate 
was normal in size and consistency. The tendon reflexes were normal. There were no pareios. 

Tlie first specimen of urine to be examined was acid in reaction, with a specifie gravitv of 
1.010. It contained no albumin or glucose, but the sediment included many erythrocytes and 
granular casts. The hemoglobin of the blood measured 10.5 Gm, per 100 c.c (Haden- 
Hausser). The erythrocyte count was 2,950,000 per cubic millimeter. The leucocytes num- 
bered 4,700 per cubic millimeter. The differential counts were normal. 

^ A tentative clinical diagnosis of uremia was made. It was thought that the probable 
cause was focal embolic nephritis due to subacute bacterial endocarditis. The blood urea 
nitrogen was found to be 74.9 mg. per 100 c.c., and the blood creatinine was 5.5 milligram^. 
A blood culture, taken to demonstrate the presence of Streptococcus viridans, yielded, instead, 
Brucella, un contaminated by other organisms. An intradennal test with brueellergin gavC a 
negative reaction, as was observed in the cases reported by Spink and Nelson.n The blood 
serum agglutinated Brucella in a dilution of 1:640. 


There had been no previous history of rheumatic fever or heart disease. The patient 
had lived on a farm in Iowa, but knew of no evidence of brucellosis in his live stock. lYliile 
the patient was in the hospital, his cattle were tested for evidence of Bang's disease, but none 
was found. The hogs were not examined, an oversight of frequent occurrence. 

For descriptive purposes, the date of onset of the disease has been arbitrarily assumed 
to bo Sept. 1, 1943. By this reckoning, the patient was admitted to the hospital on the 
one hundred and first day of the disease. The fluctuations in body temperature, the chemical 
studies of the blood, and the baeteriologie observations are recorded in the accompanying 
charts and tables. 


Because of the azotemia' and hematuria, the patient was encouraged to drink copious 
amounts of fluids. Within a few days, the daily urinary excretion varied from 1,000 to 3,000 
cubic centimeters. By the one hundred and eighth day of the disease, the stupor was diminisli- 
ing, and he appeared somewhat improved. The blood urea nitrogen and creatinine gradually 
diminished (Table I), Many e.xaminationa of the urine during the course of observation 
showed that the albumin gradually diminished in amount from 2 plus to a trace. Erytliro- 


Table I 


Blood Chemical Studies During Life* 



UREA 



DAY OF 

XITROGEN 

CREATININE 


DISEASE 

(MG./lOO C.C.) 1 

(MG./lOO C.C.) 

MISCELLANEOUS 

102 

74.9 

5.5 

Sulfonamide — trace 

107 

03.7 

4.5 

van den Bergh; 1.2 indirect 

111 

46.9 

3.4 


113 

39.2 

4.1 


118 

46.9 

3.1 


125 

32.9 

2.4 


132 

33.6 

2.2 

Serum albumin, 2.55 Gm.; globulin, 3.68 Gra, 

140 

34.3 

2.4 


147 

24.5 

1.8 

Urea clearance, 127 per'^ent 

149 

22.4 

1.7 


157 

23.1 

1.9 


171 

15.4 

1.0 


188 

14.0 

1.0 



Baeteriologie Studies During Life\ 

D.AY OF 




DISEASE 

NATURE OF 

STUDY 

RESULTS 

105 

Blood culture 


Br. stiis 

107 

Blood culture 


Br. suis 

110 

Skin test ivith brueellergin 

Negative 

111 

Agglutinins in 

serum 

Positive for Brucella in dilution 1:640 

114 

Urine culture 


Brucella and Escherichia coK 

134 

Blood culture 


Br. .sin's 

135 

Agglutinins in 

serum 

Positive for Brucella in dilution 3 ;320 

178 

Blood culture 


Br. suis 

ISl 

Blood culture 


Br. suis 


•^Determinations performed by the Department of Pathologic Chemi.strj-. 
tBacteriologic diagnosi's by the Department of Bacteriology. 
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cytes continued to be present in the sediment, but the number diminished ndth lessening of the 
azotemia. Some granular and hyaline casts were always present. The values of hemoglobin 
in the blood fluctuated between 8.5 and 12 6m. per 100 cubic centimeters. Erythrocj-te 
counts were recorded from 2,950,000 to 4,930,000 per cubic millimeter. The leucocytes varied 
between 2,800 and 6,050 per cubic millimeter. Serial electrocardiograms were normal except 
for left axis deviation and increasing negathdty of Tj. 

The faun-colored eruption disappeared witliin two days after admission. The edema 
of the ankles and the purpura subsided soon afterward, never to reappear. On the one 
hundred and eleventh day, the patient had a generalized convulsion lasting only a few minutes, 
but accompanied by extreme cyanosis. The blood pressure during the convulsion measured 
185/130, but normal levels were afterward resumed. There were no residual neurological 
signs. It was thought possible that the patient had suffered cerebral embolism. On the 
one hundred and twenty-second day, a pain developed in the light knee and ankle, and mi- 
grated to the right hip. Roentgenograms of the pelvis showed evidence of spondylolisthesis 
and a separate neural arch; the body of the fifth lumbar vertebra had slipped slightly for- 
ward on the sacrum. This lesion was not attributed to brucellosis. 

Slight, transient, painful swellings of the left anlvle, left knee, right hand, and riglit 
knee appeared for periods of a day or so. Blood transfusions were given on the one hundred 
and twenty-first and one hundred and twenty-eighth days, but they were accompanied by such 
severe urticaria that repetition of the procedure was not attempted. Another troublesome 
symptom was an unproductive cough, unaccompanied by pln’sical or roentgenologic evidence 
of disease in the chest. Some relief was obtained by steam inhalations. 

On the one hundred and fifty-seventh day, the patient called attention to a painless mass 
in the left inguinal region. This proved to be an ovoid, pulsating tumor, 4.5 cm. in diameter, 
in the region of the left femoral artery, just inferior to tlie inguinal ligament. All pulsa- 
tion had disappeared in the left popliteal, dorsalis pedis, and posteiior tibial arteries. A 
clinical diagnosis of mycotic aneurysm of the left femoral artery nas made. The size of the 
mass increased daily, with extension downward along the artery. The left foot and leg, 
however, remained warm and normal in color. A surgical consultant deemed ligation of the 
aneurysm inadvisable. 

Therapy with sulfonamides was considered to be contraindicated by the renal lesions, 
and penicillin could not be obtained for the treatment of brucellosis. Convalescent serum 
urns therefore prepared. Through the kindness of Br. George H. Pineli, of Des Moines, Iowa, 
a group of hil! patients agreed to seiwc as blood donors. All of them had recovered from 
severe infections with Br. suis, and bacteriemia had been present in ever}* case, as shomi by 
positive blood culture. Pooled serum was prepared by Dr. Carl F. Jordan, of the Iowa State 
Health Department, from the blood of ten of these patients. One hundred cubic centimeters 
of the pooled convalescent serum were given to our patient intravenou.riy on the one hundred 
and seventy-eighth, one hundred and seventy -ninth, one hundied and eightieth, and one hun- 
dred and eighty-fir.st days of the disease. There were no associated reactions. ISTo definite 
change was noted in the condition of the patient; his temperature did not remain normal 
and the blood was not freed from organisms. 

By the one hundred and eighty-fourth day, the condition of the xmtient was definitely 
worse. The aneurysm had attained a diameter of 10 centimeters. Tlie walls appeared firmer. 
The patient was somnolent most of the time, and jjaresis of the facial muscles was noted 
on the right side. The left leg was weak and there was ankle clonus bilaterally. Saline 
and dextrose solutions were administered parenterally daily, together with thiamine chloride 
and nicotinamide. Twelve days later he had brightened considerably. The facial paresis had 
disappeared and his appetite had improved. 

On the morning of the two hundred and sixth day, the patient cxj»erienced severe pain 
in the loft groin which radiated domi the leg. This increased over a period of several hours. 
Bright blood appeared in the urine. The scrotum became distended with fluid. The general 
condition, however, appeared good, and the blood pressure was maintained. During the no.xt 
two days, the scrotum became discolored from extravasated blood. On the afternoon of the 
two hundred and eighth day, he coraxd.ained of severe xmin in the lower part of the ab- 
domen, and died within an hour. 

POST-IMORTEM EXAMIN-VTION 

Autopsy was performed three and one-half hours after death. 

General Inspection . — ^The body was that of a well-developed, well-nourished man, about 
45 years old, showbig a moderate degree of lividity ijosteriorly. Rigor mortis was x)resent. 
The skin and mucous membranes were slightly icteric. A small amount of dexiendent edema 
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was present over the liands and ankles. There was a large diffuse swelling which involved 
the lower portion of the left lower quadrant of the abdomen and the left inguinal region. 
The skin in this 'area was not discolored, but the area of s\velling was fluctuant. The scrotum 
was markedly edematous, and distended to five times the normal size. The skin on the scrotum 
had a bluish discoloration. 

Periioncal Cavity . — In the long axis of the left femoral artery there was a fusiform sac, 
9 by a cm., lying both above and below the inguinal ligament. Externallj^, the sac was cov- 
ered with adipose and areolar tis.sue which was heavily infiltrated with blood. Opening the sac 
revealed that it was lined with a thin, friable, gra 3 ' membrane lying upon at least two other 
similar layers which were easilj- separated, No recognizable media or intima was visible. 



Fig-. 2. — ^Mycotic aneurj'sm of left femoral arterj*. Autopsy specimen in which tlie 
aneuo'smal sac has been opened, showing walls composed of layers of fibrin. The pencil 
lies parallel to the intact femoral artery .superior to the sac. 


The femoral artery entered the superior pole of the sac, whereupon its structure was abruptly 
lost, to be resumed inferiorly (Fig. 2). On the superior surface of the sac was a hole, le.ss 
than 1 cm. in diameter, through which blood had apparcnth- extravasated into the retroperito- 
neal tissues along the left lateral portion of the abdominal wall to the left leaf of the dia- 
phragm, spreading into the fan of the me.«cnterj-. In these regions the blood was present in 
clotted masses; the quantitj- wa.s greatest near the left femoral arterj' and the left common 
iliac arterj*. Extravasation of blood had also occurred beneath the peritoneal covering of 
the sigmoid and descending colon. The scrotal sac contained a large amount of clotted blood 
which had infiltrated the fixed ti.ssue.s. The peritoneal cavity contained about 100 c.c. of sero- 
sanguinous fluid, but no clots of blood were present. Microscopic examination of the wall, 
of the aneurysm showed that it was composed of thick laj-er.s of fibrin. In some areas, i) 0 r- 
tions of the arterial wall remained, but, for the mo?t part, layer.a of fibrin were either super- 
imposed on thin, partially hj-alinized miisciilaris, or the fibrin lay directly on adjacent sear 
tissue. Classes of calcium ivere pre.senf in the muscular wall of the artery. Throughout the 
hjalinized layers of muscle and fibrin were nests of lymphocytes, monocytes, plasma ceUf; 
and large mononuclear cells. Small areas of fibroblastic proliferation were seen. 

Pleura} Cavity . — Both pleural cavities contained about 300 c.c. of clear, straw-colored 
fluid. The visceral and parietal layers were smooth and glistening, and no adhe.«ion.s were 
present. 
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Mediasiinim . — The organs showed normal relationships and no abnormalities were 
noted. ; 

Pei'icardml Cavity . — The sac contained about 100 c.c. of straw-colored fluid. Every- 
where the pericardium was smooth and intact. 

Heart. — ^Weight, 350 grams. The size and contour were normal. The epicardium was 
smooth and intact; the epicardial fat was abundant. The cardiac chambers were normal in 
size and contained both fluid and clotted blood. The foramen ovale was closed. The endo- 
cardium of the left ventricle, beneath the aortic cusps, was slightly thickened and opaque. 
The measurements of the valves were: aortic, 6.5 cm.; mitral, 12 cm.; tricuspid, 13 cm.; and 
pulmonic, 6 centimeters. There were moderate, diffuse fibrosis and rolling of the free mar- 
gins of the mitral leaflets, together with moderate scarring of the chordae tendineae. There 
was no suggestion of stenosis of the valve, however, and tlic degree of scarring was not more 
than is often seen with simple valvular sclerosis. These observations were not interpreted as 
evidence of rheumatic endocarditis. The anterior leaflet of the mitral valve contained a 
perforation measuring 7 mm. in diameter (Fig. 3). At the superior margin of the perfora- 
tion was a friable, grayish-j-ellow vegetation, 1 cm. in diameter. Smaller, but similar, struc- 
tures were implanted at the periphery of the perforation. Along the remainder of the line 
of closure there were small, pebbled masses, more firm and yellow than the large vegtations. 



Pig'. 3. — Perforation of the mitral valve. The photograph was taken forty-eight hoiirs 
after the autopsy ■was performed. The friable vegetations had been removed previously for 
bacteriologic examination, and the valve leaflets had partially dried, so that they present 
the' appearance of scarring in the photograph. 

The vegetations were removed for bacteriologic .study. The wall of the left ventricle measured 
,1.5 cm. in thickness, and that of the right ventricle, 0.5 centimeters. The mj’ocardium was 
firm and beefy red. E'o abnormalities were noted on the cut surface. The coronary arteries 
wore patent, but the walls contained occasional atheromatous plaques. With the microscope, 
moderate fragmentation of muscle bundles could be seen in some areas, but the cells were 
normal in size. Throughout the myocardium, especially in the interstitial tissue, there were 
small oval clusters of large, pale mononuclear cells, lymphocytes, plasma cells, and occasional 
polymorphonuclear leucocytes. These areas rverc more numerous near the endocardial surface. 
A few, small, round cells were scattered throughout the muscle fibers. There were no areas 
of necrosis and no Aschoff bodies. The blood vessels were normal, and the cell clusters bore 
no relationship to them. A section through a coronary artery showed the usual hi.'Jtologic 
changes of atherosclerosis. 

Lnngs . — The left lung weighed 3S0 grams, and the right, 400 grams. They were simi- 
lar in appearance. The tissue rvas fluffy and contained air. A few emphysematous blebs were 
present along the superior margins, The bronchial mucosa was smooth and intact. There 




84 : 


AMERICAN HEART JOURNAL 


Avas no congeption. The tracheobronchial nodes Avere normal. The cut surfaces of the lungs 
Avere dry and graAush pink. Histologic examination rcA-ealed that the pleura Avas normal, 
klanj' of the pulmonary acini AA'ere distended, and the Avails thinned and ruptured. Patchy 
areas of fibrosis of the alveolar Avails and interstitial tissue Avere numerous. These areas avotc 
infiltrated diffusely Avitli lymphocytes, plasma cells, and large mononuclears. The bronchial 
epithelium in some areas Avas hyperplastic, and the peribronchial tissue contained zones of 
mild, chronic cellulitis. The blood vessels were normal. 

Spleen. — Weight, 950 grams. The capsule AA-as rather tense, but smooth and intact. 
The organ Avas softer than normal. On cut section, the Malpighian bodies appeared to bo 
enlarged. The parenchyma Avas extremely pultaceous, and Avas reddish broAATi. Trabeculation 
Avas not visible. Near the loAA’cr pole there Avas a yelloAV area of necrosis, 1 by 2 cm., sur- 
rounded by a zone of hj'peremia. A similar area A\'as noted near the upper pole, but the 
latter AA-as more firm and scarred. Microscopically, the splenic follicles Avere seen to be hyper- 
plastic, and they contained small, hyalinized areas near their centers. There AA-as diffuse 
hyperplasia of the reticuloendothelial elements. Throughout the pulp there Avere clusters 
of loosely arranged plasma cells, lymphocytes, and large mononuclears in no definite pattern. 
These masses AA-ere poorly circumscribed, but blended Avith the surrounding pulp. There 
Avere areas of congestion and the sinusoids Averc conspicuous. A large mass of scar tissue in 
one region contained old blood pigment and scattered round cells. In another section there 
Avas a large area of infarction, surrounded by a Avide zone of extravasated blood. Fibro- 
blastic proliferation AA-as extenfeive at the periphery of the infarct. 

Pancreas. — The gland AA-as normal in size and consistency-. Small, chalky plaques Avere 
A-isible on the cut surfaces. Microscopically-, besides a moderate degree of autolysis, there 
AA-ero large areas of fat necrosis, surrounded by acute and chronic inflammatory- reaction and 
some hemorrhage. There Avere patches of degeneration throughout. The fibrous tissue Avas 
increased In amount, and infiltrated Avith polymorphonuclear leucocytes and round cells. 

Xiuer.— Weight, 1,240 grams. The contour AA-as normal. The capsule Avas smooth and in- 
tact. The jpfii'Gnchyma AA-as friable and broAA-nish yellOAV. On cut section, the architecture Avas 
seen to b'e’ distorted by yelloAvish-gray, slightly elevated areas in the central zones of the 
lobules, i'licroscopic examination shoAA-ed evidence of Avidespread parenchymal injury. There 
Avero atrophy, degeneration, and extensiv-e necrosis of the liver cords. These changes Avere 
most marked in fhe central zones, but in many places the injury- extended to the midzonal and 
portal areas. Fatty- metamorphosis Avas present. Largo amounts of lipochrome and hemo- 
siderin-liko pigments were seen. Islands of regenerating hepatic cells caused distortion of the 
architecture. There was no increase in fibrous tissue. Numerous round cells and a feAV large 
mononuclears Avere scattered throughout. In many places, these cells formed small nests in 
the areas of degeneration. EA-idence of proliferation of the bile ducts Avas occasionally seen. 

Gall Bladder and Duels. — The gall bladder was normal in size and contained about 15 
c.c. of clear, viscid bile. The mucosa Avas smooth, but the Avail was moderately- thickened and 
opaque. The ducts Avere patent. Histologically-, the submucosa and muscularis of the gall 
bladder Avere seen to be edematous and infiltrated AA-ith small round cells and poly-morphonu- 
clear leucocytes. There Avas considerable fibroblastic proliferation. 

Adrenal Glands. — Grossly-, the glands appeared to bo normal, klicroscopically, there 
Avero slight autolysis of the cortex and some cortical atrophy. Occasional small nests of 
lymphocy-tes were noted. 

Kidneys. — Each kidney- Aveighed 210 grams. They were similar in appearance. The 
ctipsules stripped with ease, revealing .'•mooth, pule, yelloAv surfaces over Avhich Avere scattered 
many yelloAV nodules, varying from 1 to 2 mm. in diameter. Petechiae Avcrc abundant. The 
cortices measured 6 to 7 mm. in thickness. The architecture of the cortices Avas distorted 
in areas and obliterated by yelloAA-ish-gray streaks and numerous petechiae. The pyramids 
were well demarcated. From the area cribrosa, numerous yellow-gray streaks, similar to tho.=c 
in the cortices, ascended through the pyramids and caused considerable distortion of structure. 
The peh-ic fat Avas abundant. The mucosa of the pelves was smooth and intact but marred 
by occasional areas of congestion. 

Microscopically-, there Avas ev-idence of diffuse nephritis, AA-ith focal areas of chronic 
granuloma, ^tlany glomeruli were completely fibrosed and hyalinized : others showed crescentic 
scarring or were filled with ery-throcy-tes. The glomerular lesions Averc extensive but patchy, 
and many- glomeruli appeared normal. The tubules exhibited evidence of moderate, diffuse 
degeneration and atropliie changes. The epithelial cells Avere granular, and there was con- 
siderable sloughing of cytoplasm into the lumina. Many- nuclei contained early pyknotic 
changes. In some areas, calcium salts n-erc deposited in the tubular epithelium. The lumma 
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of many tubules were filled with erythrocytes and hyaline casts. Marked distortion of tlie 
architecture was caused by diffuse infiltration of the renal parenchyma with Ijanpliocytes, 
plasma cells^ and large mononuclears. In some areas^ there was complete obliteration of nor- 
mal structure. These inflammatory changes were particularly conspicuous in the cortex. In 
some sections there was a chronic granulomatous reaction, characterized by small areas of 
necrosis surrounded by epithelioid cells. No giant cells were seen. In some instances, the 
gi-anulomatous reaction was intimatelj’’ associated with small abscesses in which pol 3 ’morphonu- 
clear leucocjdes as well as clu'onic inflammatory cells were present. Patchj' zones of inter- 
stitial fibrosis were noted, partieularlj' in association witli the damaged glomeruli. The in- 
tima of a few medium-sized arteries was moderate^ thickened and hyalinized, but the walls 
of most vessels, including arterioles, were normal. 

Felvic Organs . — The bladder was contracted, but the wall was normal in thickness. 
Although the mucosa was smooth and intact, it was marred bj’- granular plaques and several 
areas of extravasated blood. The prostate gland and seminal vesicles appeared normal. 
The testicles were normal, but they were embedded in a dense mass of blood extravasated in 
the scrotal camtj' and in the areolar and adipose tissue of the scrotum. 

Vascular System . — Throughout its course, the aorta exhibited a moderate degree of 
atherosclerosis. The walls contained discrete areas of calcification, but no ulceration was 
noted. The aneurysm of the left femoral artery has been described previously'. 

Lymphatic System . — The nodes in the pelvis, around the aorta, and near the celiac axis 
were moderatelj* enlarged and I'ed. Hemorrhages partlj' obliterated the architecture. 
Histologically', there was marked hyperplasia of the germinal centers. The endothelial ele- 
ments were also hyperplastic. The sinusoids were dilated and filled with erythrocytes and 
large mononuclears. No areas of necrosis were noted. 

Brain . — ^Permission for examination was not granted. 

Anatomic Diagnoses. — Brucellosis; bacterial endocarditis (Br. suis), with perforation 
of mitral valve; dissecting mycotic aneurysm of the left femoral artery, with rupture and 
e.xtension into retroperitoneal tissues; scrotal edema, with intrascrotal hemorrhage; recent 
and old infarcts of the spleen; diffuse nephritis, with focal areas of granuloma; extensive 
degeneration and necrosis of the liver; diffu.se interstitial fibrosis of the pancreas, with fat 
necro.sis and acute pancreatitis; chronic. interstitial pneumonitis; pulmonary emphysema; sub- 
acute cholecystitis; and generalized ictenis. 

BACTERIOLOGIC STUDIES OP TISSUES POST MORTEM 

Duplicate cultures were made on blood and tryptose agar plates from the heart valve 
vegetation, aneurysm wall, blood clot in the aneurysm, lymph nodes, spleen, and liver. One 
set of plates was incubated in an atmosphere of 10 per cent carbon dioxide, and the other 
set, under aerobic conditions at 37.5° C. These were examined at inter^'als of twenty-four, 
forty'-eight, and seventy-two hours. Enormous numbers of Brucella colonies were found on the 
culture plates prepared from the endocardial vegetation, whereas only a few were noted in 
the other cultures. No colonies of streptococci or other significant organisms were noted on 
blood agar plates. Blood and tryptose agar plates, incubated under strict anaerobic con- 
ditions, failed to show any' growth whatsoever. 

After the preparation of the initial cultures, portions of the tissues were ground up 
in individual mortars, and saline suspensions made. Direct smears from the crushed vegeta- 
tion revealed enormous numbers of pleomorphic, gram-negative bacilli, with the typical 
morphology of Brucella. Organisms were not found in the saline suspensions from other 
organs by stained smear. 

Guinea pigs were inoculated with 0.25 c.c. of saline suspensions of the tissues, with 
the results noted in Table II. It is interesting that Brucella were isolated from the organs 
of the animals in two instances before the agglutinins appeared in the blood. In one case. 
Brucella agglutinins were absent on the seventh, twentieth, and fifty-eighth days after inocu- 
lation, whereas Brucella organisms were isolated from the organs of the animal on the 
twentieth and fifty-eighth days. These observations support the statements in the literature 
that Brucella may be isolated from the human blood prior to the demonstration of agglutinins. 
In some cases in which the diagnosis Avas verified by' positive blood cultures, agglutinins were 
not detected throughout the course of the infection. Similarly, CA'idence of skin allergy may 
be lacking. 

The organisms isolated from the tissues and the blood of this patient grew equally well on 
tryptose agar under 10 per cent carbon dioxide or under aerobic conditions. The morphology 
and the staining reactions wore typically those of the Brucella group. Large amounts of hy- 
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Table II. Results of Inoculation op Animals With Suspensions op Tissues 
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CULTURE FROM 
GUINEA PIG TISSUFS 

Spleen \ 

lA 

7 

No lesions 

Negative 

Negative 

Spleen 

IB 

20 

No lesions 

1:20 

Brucella in all organs 

Spleen 

1C 

35 

Small absces.^es in liver. 

Spleen enlarged and contain- 
ing abscesses. Abscess in 
groin 

1:1,280 

Brucella in all organs 

Spleen 

ID 

58 

Many abscesses in liver. 

Spleen enlarged and contain- 
ing many abscesses. Abscess 
in right groin 

1:5,120 

Brucella in all organs 

Liver 

2A 

7 

No lesions 

Negative 

Negative 

Liver 

2B 

20 

No lesions 

Negative 

Brucella in all organs 

Liver 

2C 

35 

Small abscesses in liver. 

Spleen enlarged with ab- 
scesses. Abscess in groin 

1:10,240 

Brucella in all organs 

Liver 

2D 

58 

Manj- abscesses in liver. 

Spleen enlarged. Abscess in 
groin. 

1:2,560 

Brucella in all organs 

Endocardial vege- 
tations 

3A 

7 

Many small abscesses in liver 

Negative 

Brucella in all organs 

Endocardial vege- 
tations 

3B 

20 

Many abscesses in liver. 

Spleen enlarged with ab- 
scesses 

1:640 

Brucella in all organs 

Endocardial vege- 
tations 

3C 

58 

Many abscesses in liver. 

Spleen enlarged with ab- 
sces.ses 

1:10,240 

Brucella in all organs 

Lymph node 

4A 

7 

No le.sions 

Negative 

Negative 

Lymph node 

4B 

20 

Few abscesses in liver 

Negative 

Brucella in all organs 

Lymph node 

4C 

58 

No lesions 

Negative 

Brucella in all organs 

AVall of aneurysm 

5A 

7 

No lesions 

Negative Negative 

5B 

20 

Many abscesses in liver. 

Spleen enlarged Anth ab- 
scesses 

1:80 

Brucella in all organs 

Wall of aneurj'sm 

oC 

35 

JIany abscesses in liver. 

Spleen enlarged with few 
abscesses 

1:640 

Brucella in all organs 

AVall of aneurysm 

5D 

58 

Liver normal. Spleen enlarged 
with abscesses 

1:1,280 

Brucella in all organs 



Jrogen sulfide were produced by the organisms in cultures incubated for five day.s. The or- 
ganisms were agglutinated by polyvalent Brucella antiserum, and typed as Br. silt's by the 
Huddleson bacteriostatic dye method.is 


SUMMARY 

The case of a man with Br. suis baclcriemia is reported. The infection lasted 
approximately ttvo hundred days, during which endocarditis and nephritis 
developed. He recovered from uremia, only to succumb to rupture of a mycotic 
aneurt'sm of the left femoral artery. Sulfonamide therapy and the administra- 
tion of convalescent serum failed to influence the infection. The pooled serum 
was prepared from the blood of donors who had recovered from Br. sui^ bac- 
teriemia. Anatomic studies after death revealed, among other things, ulcera- 
tion and vegetations on a previously normal mitral valve. The specific nature 
of the lesions Avas proved, during life, by the repeated isolation of Br. suia in 
pure culture from the blood sti’eam, and, after death, by obtaining pure cultures 
of Br. suis from the vegetations from the endocardium, the Avails of the mycotic 
aneurysm, and other tissues. The blood contained specific agglutinins, but the 
sldn did not react to brucellergin intradcnnally. 
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So far as we are aware, this is the first reported case in which ulcerative 
endocarditis has been proved, beyond doubt, to be due to Br. suis. It is the 
second reported instance in which rupture of a mycotic aneurysm due to Br. suis 
has caused death. 
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Clinical Reports 


INTRACARDIAC FOREIGN BODY 

Report op a Case With REC0^^!:RY 

Lieutenant Robert Shapiro, Medical Corps, U.S,N.R, 

T he advent of the war has tremendously increased the incidence of trau- 
matic wounds of the thorax due to various types of missiles It is only natural, 
therefore, to expect that this increase should also be reflected in the more 
frequent occuri'ence of penetrating wounds of the heart. This ease is being 
reported because of the unusual type of wound and the successful recovery of 
the patient. 

CASE REPORT 

J. L., a 21-year-old wliite radioman, nras aboard a small boat tliat ■was patroling the 
waters off the coast of New Guinea. On Nov. 11, 1943, at approximately 11 P.M., the look- 
out sighted two Japanese barges along the shore line, and the order to close in for attack 
was given. As they were approaching the barges, a Japanese battery, concealed on the beach, 
opened fire. Tlie patient was standing erect with his arms slightly elevated and forwarfl. 
During the melee, he was struck by several pieces of ricocheting shrapnel. He felt no severe 
pain at the time of the injurj', but did experience a dull, constricting, nonradiating ache 
in the right side of the chest along with some dyspnea. He was ^ven first aid treatment by 
the pharmacist’s mate aboard, and was taken to an Army Field Hospital eight hours later. 

At the time of admission, the patient was obviously in shock. There were shrapnel 
wounds of the lateral aspect of the right arm, some in the region of the right iliac crest, 
and one in his back on the right side near the angle of the scapula. Physical examination 
revealed diminished expansion, flatness to percussion, and absent breath sounds over the 
right lung. X-rays of the chest showed a hemopneumothorax on the right side, with con- 
siderable displacement of the heart and mediastinum to the left. A metallic foreign body 
superimposed upon tlie cardiac shadow was also noted. 

The patient was treated vigorously for shock by repeated intravenous infusions of 
whole blood and plasma. He was also given oxygen and 1 Gm. of sulfadiazine three times 
a day. Several aspirations of the right pleural caNuty resulted in the removal of large 
quantities of dark, blood-stained fluid and gradual re-expansion of the collapsed lung. The 
patient’s condition steadily improved, and, on Jan. 15, 1944, he was transferred by plane 
to a Naval hospital facility for further study. 

Upon admission at the latter institution physical examination disclosed a well-developed, 
pale, young adult in fairly good condition but someuhat tired from the plane trip. His 
temperature was 98.6° P.; pulse rate, 90; respirations, IS; and blood pressure 116/90. 
Sj'stemic review revealed the following positive and cogent findings. There was a mild 
acne \'ulgaris eruption on the face. Several small, well-healed, nontender, irregular scars 
were noted along the lateral aspect of the upper portion of the right arm. Two similar, 
well-healed scars were observed just below the right iliac crest, and an erythematous, circular, 
tender scar approximately % inch in diameter was noted over the fourth rib posteriori) 
on the right side just below the angle of the scapula. The cardiac sounds -Kerc of good 
quality. There was a slight sinus arrythmia. The second pulmonic sound was slightly more 
accentuated than the aortic second sound. There were no murmurs?, tlirills, or friction rub 
audible. Physical examination of the chest nas essentially negative. 

Laboratory study showed the following: erythrocytes, 4,200,000 per cubic millimeter; 
hemoglobin, 13* Gm.; leucocyte count, 6,600, with 05 per cent mature .segmented poljmior- 
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phonuelear leucocytes, 5 per cent n 9 nsegniented neutrophiles, 25 per cent lymplioeytes, and 
4 per. cent monocytes. Urinalysis: specific gravity 1.020; albumin, negative; sugar, 
negative; and microscopic examination, 3 to 5 calcium oxalate crystals per higli-power field. 

Radiograpliic and fluoroscopic studies showed a rectangular metallic foreign body 
fragment, approximately 1 by 0.6 ’em., embedded in the wall of the right ventricle in the 
region of tlie conus arteriosus. This fragment pulsated sjTichronously with the conus 
arteriosus and remained fixed when the patient Avas shifted- into prone and lateral decubitus 
positions. Tliere Avere • also three small metallic foreign body fragments in the soft tissue 
on the right side beloAV the level of the diaphragm. The fourth rib on the right side 
posteriorlj: near the axillary line Avas fractured. This represented the site of entry of the 
shrapnel fragment in the heart. 
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Fig. 5 . — Electrocardiogram, taken Jan. 8, 1944, showing low voltage of QRS, left axi.s dcAiation, 
and slight sinus tachycardia (patient of sthenic habitus). 


- An electrocardiogram disclosed no abnormalities except a slight sinus tachycardia, Ioav 
voltage of the QRS complex in Lead I, and left axis deviation; auricular rate, 100; ven- 
tricular rate, 100; P-B interval, 0.12 second; and QRS, O.OS second. Leads OFy CP, and 
CP, Avere normal. 

At the present time, the patient is entirely tvell clinically and has no 
cardiac s.yniptoms or signs. 


TRANSIENT HEART BLOCK IN CONGENITAL HEART DISEASE 

Samuel 'Waldman, M.D. 

Brooklyn, N. Y. 

I N THE presence of congenital heart disease, heart block may be present as a 
functional part of the congenital defect or may occur as an acquired disturb- 
ance, superimposed upon the congenital deformity. The heart block may be 
complete or incomplete, transient or permanent. In the young, mth recent 
acquisition of this defect in the absence of a historj’- of infection such as syphilis 
(congenital or acquired), diphtheria, rheumatic fever, or chorea, and in the 
absence of overdigitalization, the causative factor producing the block is prob- 
ably related somehow to a congenital defect. Vagal influence must be excluded. 

Congenital heart block has been described many times and reviewed several 
times. Lampard^ summarized thirty-one eases and reported one case. In 
many of the eases reviewed, attacks of sjmcope occurred. Later, Yater, Lyon, 
and McNabb* reviewed forty-four accepted cases of congenital heart block. 
The occurrence of syncopal attacks at an early age is accepted as good evidence 
of congenital heart block. These are, however, rare. Both of these reviews are 
concerned with eases of congenital heart block, 'not acquired after biii,h in the 
presence of congenital defects, but believed to have been present since birth. . 

Parkinson, Papp, and Evans® coUeeted and reported fifty-six cases of Stokes- 
Adams attacks with electrocardiograms taken during the attack and added eight 
more cases. They define Stokes-Adams disease as a name applicable to the 
condition of patients with heart block who suffer from recurrent attacks of loss of 
consciousness due to ventricular standstill, ventricular tachycardia, ventricular 
fibrillation, or a combination of these. In a true Stokes-Adams attack, the auricle 
continues to heat. In all, they found twenty-eight cases of Stokes-Adams disease 
with ventricular standstill and added five of their ovm. One patient was 16 years of 
age; the remaining varied in age from 29 to 78 years. The diagnosis of the imder- 
lying cardiac condition was not given in all cases. None were stated to have a con- 
genital basis. They state that “no actual electrocardiogram of Stokes-Adams 
attack in congenital heart block has been found.” Faessler'* collected eight 
cases of Stokes-Adams attack in congenital heart disease. Six cases had complete 
heart block between attacks. Six were diagnosed as patent interventricular sep- 
tum, one as patent ductus arteriosus, and one as persistent foramen ovale. In 
PaesslerV added case, there was no time heart block, but nodal rhythm wa.s 
present during the period of tmconsciousness. Between attacks the pulse rate 
was 120 to 140, with a normal electrocardiogi’am. The first attack occurred 
when the patient was 6 montlis old. Daring the attack, the pulse rate dropped 
to 22 and the electrocardiogram showed a nodal rhythm. In the other reported 
cases, auriculo ventricular block was present. Autopsy on Faessler’s* ease 
showed transposed large vessels, double aortic arch, pulmonary stenosis, sub- 
aortic defect in the interventricular septum, and patent foramen ovale. The 
connecting auriculoventricular tissue was normal. However, there wms intimal 
thickening on the main arterj' of the sinus node. 

Associate Attendins Physician and Associate In Ga-strocnteroloEj', Greenpoint HospUa’- 
BrookUTi. 

Assistant in Cardiology-, I^ne Island CoIIepe Hospital, Brooklyn. 
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PJiysiopatJwlogy of Stokes-Admns Attacks in Congenital Heart Disease . — 
Septal defect is usually assumed to be present in the presence of congenital heart 
block. Fleming and Stevenson^ feel that the presence of heart Ijloek in con- 
genital heart disease is an important sign, indicative of a defect in the posterior 
part of the interventricular septiun. LeeclF described a case of congenital com- 
plete heart block associated with a patent ductus arteriosus where tlie possibility 
of a patent inteiwentricular septum was not ruled out, but this was considered 
possible because of the presence of congenital complete heart block. This de- 
duction. is not fuUj’- justified as will be noted from the emdence to be presented. 
It is true that septal defect is the commonest deformity associated with heart 
block, yet, although a patent interventricular septum is the commonest congenital 
cardiac defect, congenital heart block is rather rare. This is probablj’ due to 
the fact that the A-V bundle usually is behind the pars membranacea, while the 
defect is usually anterior. In instances where the defect is large, heart block 
may be absent. Lampard^ correctly stated that patency of the septum is not 
the sole cause of the heart block. TTe know that as long as bundle fibers are 
present, though decreased in number, thej" may conduct an impulse. Theoretical 
physiologic considerations have ]3een offered to explain the reasons for fluctu- 
ations in the conductivity of the bundle. These considerations relate to pressure, 
tension, or circulatory changes affecting the bundle and interfering with its 
conductivity. 

a. Pressure and Tension Variations on the Bundle: Wilson and GrranP 
found mieroseopicall}' in a case of two-to-one heart block that dense fibrous 
tissue, instead of normally encircling the A-V bundle, had penetrated into 
the fibers of the bundle and had separated them into fine strands. They state 
"it is not difficult to imagine the fine strands being subjected to unusual pres- 
sure, espeeiall}’' in view of the circulatorj’ failure shown by the patient during 
life. ’ ’ In the three cases studied microscopically by Yater. Lyon, and IMcNabb,- 
the A-V bundle showed imperfect development. Nisse,® reporting a ea.se of 
congenital heart block in a patient 1 year, 11 mouths old, noted that "slight 
variations in the degree of pressure on the bundle will i)robably account for the 
fact that in the ease described the heart block is at times 2:1 and at other times 
complete." Lewis® reported that alterations in tissue tension might abolish con- 
duction in a bundle where it already was precarious. He described a case of 
heart block that developed suddenly in a woman in whom large venous sinuses 
separated the A-V bundle fibers. He attributed the attacks to intemiittent swell- 
ing of the sinuses which interrupted conduction transiently by pressure. Smith^® 
described a 20-year-old man with congenital heart block. The electrocardiogram 
showed complete heart block except in forced expiration, when there was none. 
In this case, the heart was more horizontal in forced expiration and more vertical 
on inspiration. The decreased tension on the bundle during expiration sup- 
posedly released the blocking of impulse trairsmission. Calandre” presented a 
case with complete dissociation except in complete repose, when there was nor- 
mal conduction. It is not unreasonable to .suppose that an incomplete or variable 
dissociation could be due to slight variations of pressure on a tract, the tissues 
of Avhicli are abnormally surrounded or interrupted by fibrous tissue : tlie block 
varies with the tissue tension on the bundle strands. Broum^- .stated "it appears 
likely that for reasons of strain, heart block may be acquii’od in a congenital 
lesion. ’ ’ 

b. Circulatory Variations Causing Block: Faessler'.s'* case, on microscopic 
study, revealed thickening of the intima of the main arteiy to the sinus node. 
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The Stokes-Adanis attacks were attributed to marked decrease in blood circula- 
tion (during exertion) to the sinoauricular node due to the narrowed lumen, so 
tliat stimulus formation slowed down and the A-V node took over the function 
of pacemaker. Comeaid^ summarized twelve eases and presented one additional 
ease of attacks of complete A-V block with Stokes-Adanis syndrome, alternating 
Muth normal rhythm. The patients varied in age from 43 to 78 years, and none 
had congenital heart disease. Comeau’s patient later developed complete 
block, and the syncopal attaclcs disappeared. His conclusion regarding the 
mechanism of block production is that most cases are due to arteriosclerosis with 
.some bundle damage. The fluctuating character of the conduction probably is 
determined by temporary variations in local circulation to the remaining intact 
fibers. 

■Whether .symptoms develop during transient block, and what the seventy 
of these symptoms will be, is dependent upon the duration of the circulatory 
arrest. However, other important factors are: the rapidity of onset of the 
block, the extent of decrease in rate, the blood pi'essure, the presence of anemia, 
the oxygen satui'ation of the blood, and the condition of the cerebral arteries. 
Symptoms are most apt to occur when complete heart block is interrupted by 
ventricular a.systole of sudden onset, or when block occui*s suddenly in the 
presence of normal I'hythm. 

Fleming and Steven.son'^ stated that in the absence of gross cardiac ab- 
normalities, the block per se causes little or no disability. They felt that most ' 
symptoms such as cyanosis, dyspnea, and sjmcopal attacks could be accounted 
for- by the extent of the cardiac deformity, rather than on the degree of block. 
This opinion is not confirmed by a study of tbe literature where stress is laid on 
the point that a sudden increase in block, a slowing of the ventricular rate of 
sudden onset, or sudden appearance of block may cause Stokes-Adams attacks 
with sjTicope. 

Leeelfl^ stated that in a patient with congenital heart disease, and in the 
absence of causes .sucli as pneumonia, epilepsy, meningitis, and severely toxic 
conditions, the occurrence of convulsive-like or epileptiform seizures may be 
intei'preted as indicative of a lesion permitting a venous shunt. It is true that 
in infants, exertion and crying can cause convulsions and cyanosis in tlie 
presence of such a lesion. I should like to add transient heart block as another 
possible cause of similar sj'mptoms in patients witli congenital heart disease. 

The case presented here is one of congenital lieart disease, the lesion of Avhich 
is clinically characteristic of patent ductus arteriosus, with no otlier evident, 
associated lesions. Transient episodes of heart block occurred interrupting a 
normal rhytlim. TJiese episodes were as.sociated vith mild attacks of Stoko.s- 
Adams syndrome. A so-called typical electrocardiogram of congenital heart 
disease and the electrocardiogram of the block are presented, during the filming 
of wliich the patient fainted several times. 


CASE REPORT 

.S. S., a man, aged IS year.«, wa.'> knowai to have been born with "heart trouble.” 
He had never been called a blue baby and never was- known to have .‘.ufTered eyano'-i.'' either 
at re.«t or on exertion. At .‘school, he had always attended the e .rdiac ehmse-j and 'wa.« 
re.^tricted phy.sically. He terminated hi.<? education after the seve. ih term in high eehool 
in order to go to work. There was no history of rheumatic fever, chorea, diphtheria, or eon- 
genital or acquired syphilis. He had alway.s been capable of moderate exertion without 
dy.spnea. He had no preeordial pain, and no peripheral edema. The one symptom of 
^^hich this patient was aware nas a strong lieartbeat, which often annoyed liim a.s he 
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heard it pounding on his pillow at luglit. At the present time (November, 19i2), he was 
employed as a shipping clerk in a dress factory. 

On Nov. 22, 1912, a regular physical examination disclosed tlie following; A poorly 
nourished, underdeveloped wlute man, aged IS years, 64 inches in height, and 96 pounds in 
weight. He was not acutely ill. There was no cyanosis or clubbing of the fingers or toes. 
There was no dyspnea. Eyes, ears, and nose were normal. Tonsils were neither enlarged 
nor infected. No cervical adenopathy was present. There was a marked increase in the 
pulsation of the neck vessels with a palpable systolic thrill. 

Thorax: There were marked asymmetry of the chest, with precordial bulging, and 
narrowing of the intercostal spaces in the left axilla and posteriorly, while the spaces -svidened 
anteriorly. Systolic precordial interspace retraction was plainly visible. jMarked k.’S'pho- 
scoliosis was present. The lungs percussed resonant except- at the left base, where resonance 
Avas diminished. At this same area, bronchovesicular breath sounds were heard. The heart 
Avas markedly enlarged. The apex Avas felt in the sixth left intercostal space at the 
anterior axillary line. The entire precordium heaved Avith systole, AA'hile the strong apical 
thrust Avas felt separately. A fine systolic thrill Avas palpable over the second and third 
left intercostal spaces, adjacent to the sternum, Avhich Avas transmitted into the cervical 
A’esscls. A short diastolic thrill Avas also felt in the second and third left intercostal 
spaces. On deep inspiration, these tiirills disappeared. The area of cardiac dullnes.-' Avas 
outlined on percussion as folloAA’s: 
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A loud systolic bloAA-ing murmur AA-as heard OA*er the entire chest, anteriorly and pos- 
teriorly, with greatest intensity over the second left intercostal space, then at the ildrd left 
intercostal space and down the left sternal border. The pulmonic second sound was accentu- 
ated, and followed by a short diastolic murmur at the second left intercostal space. Tlig 
systolic blood pressure Avas 150. At 40 mm. Hg a change in the character of the sound Avas 
hoard, but thumping sounds could be distinguished doAvn to the zero reading. A pistol shot 
could be heard in the groin, but Duroziez’s sign Avas negative. 

Tlie abdomen shoAved nothing of note. 

A circulation time Avith decholin gaA’c an arm to tongue time of 13 seconds, Avhich 
spoke against any veno-arterial shunt. 

Fluoroscopy revealed marked cardiac enlargement AA'ith a very prominent, dilated pul- 
monaTA' artery Avhich shoAved exaggerated pulsations, filling synclironou.sly Avith ventricular 
systole. The hilar "'dance” aa'Us present. The transverse diameter of the heart measured 
175 mm. at this time as determined by the rapid method. The blood Wassermann test 
Avas negative. The blood picture Avas normal. No polycythemia Avas present. 

Pour days later, on November 26, the patient was brought in. He had liad 
several dizzy and fainting spells within the previous feAv liours. following undue 
and unusual exertion at a party where he had danced until 3 .v.:m. He had been 
feeling well until then but suddenly noted increased pounding of the heart, and 
periods Avhere the heart seemed to “jump out of the chest and disappear into 
blackness.” Periodic attacks of giddiness and faintness appeared. Transient 
periods of unconsciousness had been suflered lasting one minute or ]e,ss. Be- 
cause of the irregularity of tlie heartbeat noted, an electrocardiogram was taken 
at 6 three hours after the onset of tlie attacks. 

The electrocardiogram (Figs. IH and IB) revealed the following: In 
Lead I, the auricles and ventricles folJoAv each other at a regular rate of 100. 
The P-E interval is 0.16 seconds. At the end of the lead is noted a period of 
complete asy.stolc, which merges into Lead IT. Lead IIA starts with a complete 
heart block. The auricular rate i.s maintained at 100, wiiile the ventricular rate 
drops to 39. The initial interval betAveen A*entricular systoles is 1.6 seconds. 
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In the second half of Lead IIA, the ventricle spontaneously increases its rate 
to 63, -while the auricle continues at 100. In II^, the auricle increases to 115, 
while the ventricles increase their rate to 100, each independent of the other. 
In lie, the P and T waves merge, then separate. The first half of this lead ap- 
pears as a prolonged P-E interval of 0.28 seconds with P and T merging, while 
the latter half shows no block, the P-E interval being 0.18 seconds with a sinus 
tachycardia of 100 being present. In IID, we see a comiilete heart block fol- 
lowed by a two-to-onc block, with the auricles at a rate of 110 and the ventricles 
at a rate of 55. The P is buried in the base of the descending limb of R. In 
JIE, complete heart block is evident with periods of ventricular asystole of 2.04 



Pip. 2. — So-called typical electrocardiogram of congenital heart disease. Normal rhythm. 

and 1.78 seconds. In IIF there is complete dissociation, with a rapid ventricular 
rate of 110. During the filming of Load II the patient fainted for several 
seconds, and periods of light-hoadedness with sensations of faintness recurred. 
The attaclvs resembled those of petit mal. He constantly shook his head to throw 
off the sensation of faintness. No twitchings were observed. These were mild 
attaclvs of the Stokes-Adams syndrome. In Leads III and IV, there is a return 
to sinus tachycardia at a rate of 100 with a P-R interval of 0.16 second. It is 
to be noted in Lead IIH that complete dissociation exists with a rapid ventricular 
rate of 110. This is not uncommon in childhood where complete dissociation 
may exist Avith a rapid rate.®’ 
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A fluoroscopic examination was then made whicli revealed a transverse 
cardiac dian^cter of 185 mm. by the rapid method/'^ indicating an enlargement 
of 10 mm., over the measurement taken four days previously. An injection of 
Yioo grain of atropine sulfate was given at this time. It had no effect on tlic 
recurrence of the fainting spells which continued for the next few hoiu's. Tins 
indicated that the attacks were not due to a vagal influence. Epliedrine sulfate, 
% grain, was given every three liours. Following the first dose two attacks 
occurred, hut none appeared since then. 

An electrocardiogram taken on November 30 (Fig. 2), showed a regular 
sinus tachycardia at a rate of 100. The P-R interval was 0.16 second. The 
widest QRS is 0.10 second, and is notched and slurred in Lead I. The diphasic 
character of QRS in Leads II and III are pathognomonic of congenital heart 
disease.^® Katz^® described such findings as being indicative of congenital 
defects in the septal conduction system, although in the case here presented, 



Fig. 3. — Patent ductus aiteiiosus. Anteioposteiior Mew. 


there is no definite clinical evidence of a .septal defect. The possibility of some 
imperfect development in the bundle fibers must be considered. Fluoroscopy 
at this time revealed a return in transverse diameter of the heart to 375 
millimeters. 


An x-ray (Fig. 3) taken on Dec. 2, 3942, was reported as follows: A 
markedly enlarged heart with diminished prominence of the aortic Ituob, marked 
prominence of the pulmonic curve, .straightened left cardiac contour, and ac- 
centuation of the left ventricular curve. The measurements were : traii.svcr.se 
diameter, 16.4 cm.; broad diameter, 13 cm.; long diameter, 18.3 cm.; trans- 
verse diameter of the chest, 26.2 cm.; and the cardio-thoraeie ratio was 63. 
The angle of obliquity was 45 degrees. The inilmonary fields sliowed marked 
engorgement of the lesser circulation. In the right oblique view (I’ig- d; 
the arrow points to the pulmonary arteiy as seen on edge, with increase m 
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size evident. The dilated branches of the pulmonary artery are plainlj' visible. 
These findings agree with those of Donovan, Neuhauser, and Sosman^" in patent 
ductus arteriosus. 

It becomes evident that heart block of varjdng degrees occurred following 
exertion. At the time of block, the heart diameter showed some Andening trans- 
versely from 175 to 185 mm. (by the rapid method^^) on fluoroscopy, evidently 
a dilatation. It is possible that during and following exertion, the increase in 
return flow of blood to the heart maj* have increased the pressure on the bundle 
of His which, with increase in the size of the ventricle, added tension to the 
bundle which varied in degree and caused a varying degree of heart block. 



Pig-. 4. — Patent ductus arteriosus. Right oblique view. Arrow points to pulmonarj' arterj' 

seen on end. 


Wliether the bundle is anatomically defective is not known. It is possible tliat 
there is a fibrous tissue disturbance interfering with conductivity. It is of 
interest to note LampardV statement that where heart block, murmurs, and 
enlargement are present “great caution should be enjoined and no games or 
Auolent exertion permitted" although each case must be judged individually. 
It is adrtsable to re-emphasize this enjoinder that undue exertion be inter- 
dicted in the presence of congenital heart disease, whether or not heart block 
is present. 

SUMMARY 

Varying degrees of heart block may occur in the presence of congenital 
heart disease, and cause mild Stokes-Adams attacks which conceivably could 
be more severe, Avith convulsions. The SAnnptoms then are not due to the 
congenital heart disease but to the cerebral anoxia that folloAvs the A'entricular 
standstill. This condition may occur in congenital lieart di.sease Avhere no 
evidence of an inteiwentricular septal defect is apparent. 
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A ease is presented with definite evidence of a patent ductus arteriosus, 
and no evidence of a patent interventricular septum, in which mild Stokes- 
Adams attacks occurred associated with the sudden onset of heart block, which 
varied in degi'ee, was transient and followed by normal rhythm. This occurred 
following exertion, and was not of nervous origin. This is the first ease to be 
•reported of congenital heart disease Avith Stokes- Adams attacks in Avhich an 
electroeardiogi'am taken during the attack is presented. 
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SMpley, R. E., and Gregg, D. E.: The Cardiac Response to Stimulation of the Stellate 

Ganglia and Cardiac Nerves. Am. J. Physiol. 143: 396, 1945. 

lu confirmation of previous vrork, faradie stimulation of either the stellate ganglion or 
its cardiac branches in the anesthetized open-chest dog causes a considerable and sustained 
increase in coronary flow. Measurements of cardiac input and oxj'gen utilization have demon- 
strated that cardiac work and metabolism are also increased. 

The cardiac nerves arising from the stellate ganglia are believed to be primarily in- 
volved in a mechanism by which the work output of the heart may be increased by nervous 
control. The promptness of the cardiac response and the somewhat prolonged aftereft’ect sug- 
gest the elaboration of a cardiac stimulating substance at the endings of the stimulated nerves. 

The failure to obtain an increased coronary flow response without e'iddence of increased 
cardiac vigor, work, or metabolism, the lack of conclusive evidence that the cardiac nerves 
have a direct vasomotor - influence, and the observation that cardiac metabolism is con- 
siderably increased, all lend support to the thesis that tlie increase in coronary flow may be 
largely, if not entirely, a secondary phenomenon. The increased vigor of cardiac contraction 
and the associated increase in cardiac metabolism resulting from nerve stimulation are re- 
garded as the primary effects which indirectly give rise to coronary vasodilatation by (1) 
increasing locally the production and elaboration of metabolites, and/or (2) by creating a 
local relative anoxia caused by a disproportion between tlie increased rate of oxygen utilization 
and the existing coronary blood flow. 

The role played by the cardiac nerves arising from the stellate ganglia is believed to be 
one associated with the adaptation of the work output of the heart to the blood flow and pres- 
sure requirements of the whole animal and not primarily one of coronary vasomotor adjust- 
ment to the requirements of the heart. Author.s. 

Moritz, A. R., and Weisiger, J. R.: Effects of Cold Air on the Air Passages and Lungs. 

Arch. Int. Med. 75; 240, 1945. 

In this investigation, dogs were caused to breathe extremely cold air for periods ranging 
between twenty and one hundred thirty-three minutes. The rate at which air was warmed 
within the body was measured by means of appropriately placed thermocouples. The air was 
delivered to the larjmx at temperatures which ranged between -50° and -28° C., and in no 
instance were temperature records lower than -fl8° C. observed at tiie bifurcation of the 
trachea. 

The inhalation of cold air in circumstances such that intralaryngeal inspiratory nadirs 
as low as or lower than -30° C. were reached resulted in the development of a localized 
sublarjTigeal tracheitis. In some animals the disturbance was limited to unusual activity 
on the part of the mucus secreting glands, and in others there was focal destruction of the 
superficial epithelium. In no instance was there evidence of primary injury to the lower 
portion of the trachea, the bronclii, or the lungs. 

The aspiration of mucus or mucus and mucosal detritus from the upper portion of the 
trachea may result in the development of small and evanescent foci of pulmonary emphysema 
and atelectasis. 

The explanation of the rapid warming of inlialed cold air and of the occurrence of rela- 
tively mild and localized injury follouing the inhalation of cold air lies in the fact that dry 
air has an extrernel}- low heat capacity and that the number of calories required to produce 
a great rise in the temperature of dry air can be provided by the heat derived from the 
cooling of a small amount of tissue by a few degrees. 

Although the intermittent exposure to cold air that occurs during normal respiration does 
not cause significant injury to the pharjux or lar^mx, a continuous e.xposure of these struc- 
tures to cold may result in the development of a rapidly obstructive edema. 
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Experiments on dog's wamint the inferences (a) that it is unlikely that significant in- 
jury to the air passages of man 'would result from the breathing of air at any degree of cold- 
ness likely to be encountered in nonexperimental conditions so long as it was inhaled through 
the nose or between partially closed lips, and (b) that even though extremely cold air \yere 
inhaled rapidly through a widely opened mouth, it would be warmed to a point well above 
freezing by the time it reached the bronchi. AuTHOns. 

Dawson, P. M., and Hellebrandt, P. A.: The Influence of Aging in Man Upon His Capacity 

for Physical Work and Upon His Cardio-Vascular Responses to Exercise. Am. J. 

Physiol. 143: 420, 3043. 

Observations on the capacity for physical work and the cardiovascular reactions 
during exercise were made upon a single subject. The latter rode a cycle-ergometer at 41, 
53, 57, 68, and 71 years of age. During these rides the arterial blood pressures and pulse 
rate were usually deternrined, and the external work done was calculated for each ride. Tlie re- 
sults obtained support the following conclusions. 

With age, working capacity fell off, becoming, at 71 years, about 50 per cent of what it 
had been at 41 years. When two rides are performed on tlie same day the score in the after- 
noon is greater than the score in the morning by about 3.5 per cent at both 57 and 68 year.*-. 
The number of days necessary for complete recovery from a ride is greater at 68 and 71 
than at 57 years of age. The circulatory reaction during maximal performance is much the 
same at all these ages. At 41 3 'ears the sj'stolic pressure rose higlier, but the ride whicli 
produced this pressure was only two-thirds as long as the rides performed later, and the teinpu 
was much higher. The resting values of the sj'stolic pressure whether Ij'ing or sitting on flic 
cj’cle-ergometer did not change between 41 and 68 j-ears of age. The maximum reduction 
of the resting pulse rate due to training is about the same at 41 and at 71 years. In training 
for a test on the cj’cle-ergometer the best preparation is to ride frequentlj- upon this apparatus 
or to perform 3-mile runs. Road -walking and mountain climbing do not yield as good re- 
sults. Authors. 

Sabathie, L. G., and Gaspary, F. V.; Unstable Auriculoventricular Heart Block, Permanent, 

Residual and Benign. Rev. argent, de cardiol. 11: 215, 1944. 

An electrocardiographic study was made of four cases of unstable A-Y blocks: a dis- 
turbance characterized by the mixture in variable proportions of high grades of partial A-V 
block with periods of complete block. The necessary- conditions for the production of this 
type of A-V block are: (a) the lengthening of the postsj-stolic period of inexcitability due 
to the prolong-ation of the refractorj- period of the A-V node or bundle of His whicIi de- 
termines at least a two-to-one partial A-V block; (b) a sinus rhythm of normal or sliglitb' 
subnormal frequency and, in case of sinus tachj-cardia. a higher grade of A-V partial block; 
(c) a low ventricular rate as a result of the above mentioned conditions favoring the eclosion 
of an idioventricular rhythm of similar or slightlj- faster rate. 

The cases reported arc classified as unstable, permanent, residual, and benign A-Y 
block. They are permanent, because thej' are unaltered during long periods of observation 
(two to fifteen j-ears) ; residual, because no acute disease, intoxication.«, or organic heart 
disease could be found as a cause, the supposition being made that they- are the result of a 
minimal myocardial alteration produced in the conr.«o of diver.^e minor pathologic proccs.‘-e.'-,' 
and benign, because they constitute the only manifestation of heart ailment, and have no 
evolutive tendency or grave repercussion on the circulatory capacity. Authoks. 

Goldberger, E.: The Basic Electrocardiographic Patterns in Bundle Branch Block. 

Lab. A- Clin. iied. 30: 213, 194.5. 

When unipolar leads are u^ed, the electrocardiographic patterns obscrv-cd in eases of 
bundle branch block may- be directly correlated with the actual spread of the inipubc 
through the ventricles. On the basis of theoretical considerations and actual elcctrocardio- 
gr.aphic observations, the following are the basic electrocardiographic patterns in cases «i 
bundle bninch block: 

1. An ^^-shaped QRS complex in unipolar leads overly-ing or facing the affected ven- 
tricle .and the affected side of the interventricular septum. 

2. A W-shaped QRS complex from unipolar leads overlying or facing the contralateral 
normal ventricle and the normal side of the .‘-cptiim. 
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3. Prolongation of tlie QBS interval-to 0.11 second or longer. 

4. A 'negative T Avave witli tlie M-sliaped QES and a positiA’e T Avitli tlie W-sIiaped QBS, 
although exceptions to this are frequent. 

5. Tlie patterns observed Avitli unipolar extremity and standard leads depend on the 
position of the heart. IMien the heart is vertical, the left leg lead Avill face the left ventricle 
and the left side of the septum. IVhen the heart is oblique or horizontal, the left arm lead 
faces the left ventricle and the left side of the septum, and the left leg lead tends to face the 
right A-entricle and right side of the septum. 

Xot ev’er}' case in Avhich the QBS interval exceeds 0.11 second is due to bundle branch 
block. In such cases the Avidening of the QBS interA-al is due to the fact that the impulse 
requires a longer time to penetrate a greatly hypertrophied A’entricle than it normally needs. 

Author. 

Eurrett, J. B., and White, P. D.; Large Interauricular Septal Defect With Particular Ref- 
erence to Diagnosis and Longevity. Am. J. M. Sc. 209: 355, 1945. 

Interauricular septal defects, AA'liicli measure 1 cm. or more in diameter in individuals 
over 8 months of age, are of clinical significance and occur more frequentlj' than do other, 
congenital cardiovascular anomalies. Lesser defects are silent except in rare instances AA'here 
they may permit the passage of small emboli from the right to the left auricle. 

To avoid confusion as to the location of an interauricular septal defect, the suggestion 
is ottered that it be described as being situated in the upper, middle, or loAA'er portion of the 
interauricular septum. 

A clinical analysis is presented of comparative studies in sixtA'-two autopsied inter- 
auricular septal defect cases collected before 1934 (by Eoesler) Avith thirty-one autopsied 
interauricular septal defect cases collected since that date. There appears to be no definite 
sex preference. The size of the lesion beyond 1 cm. does not influence its symptomatic course 
or the longevity. Complicating mitral stenosis, except for occasionally associated auricular 
flutter and fibrillation, does not alter the picture after adulthood is reached. In a majority of 
cases, the patient is onlj’ mildly disabled from dyspnea and may Avithstand the ordinary 
phj’sical and mental AA'ear and tear aceompanj-ing the active life for years before succumbing 
to frank right heart failure. The average age of death lies betAveen 36 and 37 years, and 
over 50 per cent of persons live beyond 40 years of age. Not uncommonly, individuals may 
pass the middle age mark A\-ithout ill effects from this lesion, as demonstrated by Case 2. 
Complications, other than congestive heart failure, AA'hich is at times associated Avith terminal 
pneumonia, are conspicuous by their rarity. Only one case complicated by subacute bacterial 
endocarditis has been reported. 

It is conceivable that seconder}’ pulmonary arteriolar disease may deA'elop in certain 
instances and be responsible for decreasing longeA'ity. Pulmonary vascular lesions (sclerosis 
and thrombosis) Avere noted at autopsy in the authors’ tvA'o cases. In the future, more careful 
microscopic examination of the pulmonary Avascular bed should be accomplished. 

The clinical recognition of interauricular septal defect cases has risen markedly in the 
past decade. A clinical diagnosis of nearly 50 per cent (fourteen of thirty-one cases) has been 
made since 3933, AA’hercas previously only one in 62 cases Avas so diagnosed though considered 
in four other cases. Boentgen-ray inA-estigation, electrocardiography, and a recognition of 
Xirimary right heart involvement has been chiefly responsible for the recent percentage increase 
in diagnosis. 

A further step in the recognition of these cases Avill be possible if roentgen-ray and 
electrocardiographic criteria are eA-aluated in lieu of certain associated symptoms and signs 
faA'oring an interauricular septal defect OA’er pulmonary arteriolar disease as a cause for right 
heart embarrassment. In the latter instance, cyanosis is an early constant sign, longeA’ity 
subsequent to the dcA’clopment of symptoms is short, and physical and roentgen-ray findings 
parallel the clinical course. In the former, mild dyspnea, usually AAdthout cyanosis, is an 
early and outstanding manifestation, and there is little or no disability for scA’cral years despite 
physical, roentgen-ray, and sometimes electrocardiographic findings indicative of rather marked 
right heart inA’oh’ement. With these differentiating points in mind, it is belieA’ed that the 
diagnosis in the future AA’ill become possible in a much higher imrcentage of cases. 

Ijcft auricular pressure is apparently roliPA’od by the passage of blood through an inter- 
auricular septal defect opening to the extent that there is little or no resultant left auricular 
enlargement despite coexistent mitral stenosis. The roentgen-ray picture remains that of pure 
right heart invoh’ement. Therefore, mitral stenosis should oft'er no barrier to the diagnosis 
of a coexi.sting defect. On the other hand an interauricular septal defect, by etfecting a re- 
duction in the left auricular pressure, frequently results in disappeanince of the mitral di- 
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astolic murmur as u'eU as of left auricular enlargement in cases witli mitral stenosis, and 
thus conceals the latter lesion. This fact is borne out by the discovery of coexisting mitral 
stenosis in nineteen of thirty-one autopsies in contrast to its clinical recognition in onlv 
nine of these cases. Auiiions. 

Finland, M,, Parker, F., Jr., Barnes, M. W., and Joliffe, L. S.: Acute Myocarditis in In- 
fluenza A Infections. Am. J. ]\r. Sc. 209: 455, 1945. 

Two cases with pathologic findings of acute nonbacterial myocarditis are reported. One 
of these patients died of cardiac failure and had a minimum of involvement of the lungs; 
the other died of an extensive acute bronchopneumonia from which no significant bacterial 
pathogen could bo recovered. Influenza A varus was isolated from the lungs in both cases, 
A revdew of the literature concerning the clinical and pathologic aspects of acute myo- 
carditis complicating influenza and similar respiratory' infections is presented. The relation 
of the influenza virus to the cardiac lesions in the present cases is discussed. 

It is suggested that the myocardial lesions in these cases are the result of infection 
with 'influenza A virus. AuTHOns. 

Hamilton, T. R., and Hamilton, B. W.: Pathology and Bacteriology of Streptococcus Endo- 
carditis in Relationship to Sulfonamide Chemotherapy. I. The Development of a 
Laboratory Technique for the Study of Chemotherapy in Vitro, Am. J. Clin. Path. 
14: 495, 1944. 

A simple, workable, laboratory technique for predicting the effect of drugs on organism.'! 
infecting the blood stream is presented. Sulfathiazolo is effectively bacteriostatic within tlie 
therapeutic range, i.c., 406 mg. per cent, in fresh, whole, human blood, for streptococci of 
Lancefield ’s Groups A, B, C, and G. 

Enterococci, rdpresented by' Group D streptococcus, and Streptococcus fecalis, were 
resistant to sulfathiazole in concentrations within the therapeutic range. Authors. 

Hamilton, B. W., and Hamilton, T, R.: Pathology and Bacteriology of Streptococcus Endo- 
carditis in Relationship to Sulfonamide Chemotherapy. II. The Effect of Tempera- 
ture Elevation on the Action of Sulfathiazole Upon Endocarditis Strains of Strepto- 
coccus Viridans, Enterococci and Group A Streptococci. Am. J. Clin. Path. 14 : 502, 
1944. 

These findings lead to the conclusions that the growth of tlie strains of viridans ."itrepto- 
cocci and enterococci tested by the method presented were enhanced at 40° C. Cliemothorapy 
with sulfathiazole did not appear more effective at 40° C. than at 37° C. for tliese organisms, 
and in some instances it was less effective in whole, human blood as shown by a method that 
rather strikingly demonstrates the enlianced sulfathiazole effect on Lancefield ’s Group A. 
G-203 streptococcus at such clcv-ated temperatures. AUTHORS. 

Call, J. D., Beggenstoss, A. H., and Merritt, W, A.: Endocarditis Due to Brucella: Re- 
port of Two Cases. Am, J. Clin. Path. 14: 508, 1944. 

Two cases of endocarditis due to Brucella organisms have been presented w'ith clinical 
and pathologic details. Among the peculiarities of this typo of cndocarditi.s are the tendency 
to involvement of the aortic valve, the tendency to ulceration and perforation, and the gran- 
ulomatous nature of the visceral and neurological lesions noted in Case 2. AUTHOias. 

Gubner, R., Szucs, M., and Ungerleider, H. E.: Provocative Prolongation of the P-R Inter- 
val in Rheumatic Fever. Am. J. M. Sc. 209: 409, 1945. 

Impairment of atrioventricular conduction of considerable degree was induced in twelve 
to sixteen subjects with rheumatic carditis by' prc.'Sure on the carotid .sinus. Similar pressure 
had produced no such impairment in sixteen control eases. 

Preliminary administration of pro.stigmine augments the response in many cases. 

The effect is more marked when the P-R interval is initially 0.18 to 0.20 second than 
when it is le.as than 0.18 second. 

The changes in conduction arc maximal during the acute stages of carditis and tend to 
di.'^appcar as rheumatic activity* subsides. 

It is .suggested that this procedure enhances the diagnostic value of pirolongation of the 
P-R interv.'il in rheumatic fever. AUTHORS. 
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Katz, Ii. N., Wise, W., and Jochim, K.: The Dynamic Alterations in Heart Failure in the 

Isolated Heart and Heart-Lung Preparation, Am. J. Physiol. 143; 507^ 1945. 

In the special heart preparations discussed in previous communications^ cardiac failure 
was studied in twenty-two isolated heart and sixteen heart-lung experiments. The reasons for 
development of failure when the heart is removed from the body are unknown; failure eventu- 
all}' terminates the experiment.- The manifestations of failure are (1) increase of one or 
both venous pressures without increase in cardiac output, and/or (2) decrease of cardiac 
output (pulmonary flow) and often also aortic pressure (the latter usually later if at all). 
Once initiated, cardiac failure pursues an apparently vicious accelerating course with the 
slopes becoming progressively steeper in their upw'ard or doumward trends, and especially when 
aortic pressure begins to fall the failure accelerates tremendously. All types of failure in 
the experiments are due to decreased power of the heart, but where the cardiac output and 
arterial pressures are level and the venous pressure rises on the left and/or right side, left 
and/or right '^congestive” failure is present. In the presence of one or both types of fail- 
ure the increased venous (i.e., auricular) pressures with increased diastolic volume, enable 
the work to be maintained. I\dien the venous pressures do not rise, but work of the heart 
(cardiac output and/or arterial pressures) decreases, "forward” failure is present. Failure 
thus may be of the left or right "congestive” tj-pe, of the "forward” type, of combined 
left and right "congestive” tj^je, or of "mixed” (congestive and forward) type. In gen- 
eral, the steepness of the slopes of the curves referred to is an expression of the degree of 
severity of the failure present. 

Isolated Heart Freparatioiu — ^Aortic pressure fell in only half the cases of "forward” 
failure, and, in more than half of those in which it fell, the decline in aortic pressure was 
preceded by a decline in cardiac output; in three experiments botli began to fall at the same 
time. Delayed or absent fall in aortic pressure is due in some to decline in coronary flow 
with the consequent increase in coronary resistance being sufficient to maintain the total 
resistance of the two parallel circuits through wliich the left heart output is distributed. The 
usual cause, however, for the maintenance of aortic pressure is the existence of a critical level 
of aortic pressure and cardiac output about Avhich changes of the latter do not appreciably 
affect the former. This is due to the peculiar relationship of these two in the existent dis- 
tensible circuit discussed in the text and more fully in a previous report. Tliis fall in arterial 
pressure is a sign of advanced, rather, than early failure. In congestive failure per se, aortic 
pressure remained constant. Pulmonary pressure relationships are similar to those of aortic 
pressure, except that coronarj* resistance increase cannot help maintain pulmonary pressure. 
In left congestive failure, the equivalent of a gap in the circuit in the isolated heart prepara- 
tions was responsible for the lack of rise of pulmonary arterial pressure. 

With left or right "congestive” failure, left or right venous pressure rose in an ac- 
celerating fashion. The development of "forward” failure lessens the rate of rise or even 
produces a fall, distorting the otherwise exponential tj'pe of curve. The venous pressures are 
increased by the congestion consequent upon decreased power of the lieart but are decreased 
by the lessened load of the heart when the work declines in ‘ ‘ forward ' ’ failure. Pegurgitation 
due to dilatation of the atrioventricular valve rings in advanced failure may contribute to 
the rise of venous pressures. Decreased cardiac tonus in failure may lessen this rise. 

Coronary flow changes in "congestive” failure, that is, changes in the partition of the 
cardiac output, occur as in nonfailing hearts. In "forward” failure coronary flow usually 
decreases when cardiac output falls. Delay or absence of decrease was due, in our experi- 
ments, to (1) continuance of spontaneous coronarj' dilatation present before "forward” fail- 
ure; (2) increase in peripheral, resistance due to adjustment to keep aortic pressure from 
falling; and (3) increase in peripheral resistance due to decreased distention of the resistance 
tubing as the aortic-vena cava flow decreases. Thus, no changes in coronary flow occur which 
are peculiar to heart failure per so. 

Calculated work of the heart was found to be similar to cardiac output except when 
marked "forward” failure was associated with a drop in arterial pressures. However, se- 
vere ' ‘ congestive ’ ’ failure significantly lessens the true work of the heart since with pressure 
already high in the blood as it returns to the heart, less work is necessary to raise the pressure 
to the same degree of arterial pressure. This has been neglected in ordinary calculations of 
work, which have hitherto ignored initial pressures of the entering blood. 

Closed-Circuit Heart-Lung Preparation . — Apart from the fact that in these experiments 
artificial maintenances of constant cardiac Avork (when possible) delaj'cd or prevented "for- 
ward” failure, changes were essentially similar to those occurring in the isolated heart, ex- 
cept with regard to pulmonary arterial pressure and left A'enous pressure. Due to the ab- 
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sencc of artificial separation of tlie pulmonary artery and “pulmonary veins,’-’ pulmonnn- 
arterial pressure rose in left congestive failure. Moreover, pulmonary edema, when present 
caused an accentuated rise in pulmonary arterial pressure and lessened the left venous pres- 
sure rise. Both factors lessened the tendency of pulmonary arterial pressure to fall in sonic 
cases when “forward” failure developed. In the isolated heart, a similar difference was seen 
between those experiments in which cardiac output was maintained constant and in those in 
wliich it was not. 

Effect of Increase in Load . — On several occasions, increasing the cardiac output or arti- 
ficial resistance initiated or accentuated failure as manifested by the changes in venous pres- 
sure. Similarly, in severe failure increasing the blood ’volume sometimes increased the venous 
pressures but not the cardiac output, and withdrawing blood sometimes reversed this effect. 

AL'TOORS. 

Eicca, E. A., Fink, K., and Warren, S. L.: The Effect of Sulfadiazine, Antitoxins, Globu- 
lins, and Dog Plasma on Dogs in Traumatic Shock Under Sodium Pentobarbital An- 
esthesia. J. Clin. Investigation 24: 14G, 194.5. 

The hazard entailed in giving ane.sthesia during traumatic shock is not increased by 
therapeutically effective concentrations of .•sulfadiazine in the blood stream. 

The authors have been unable to detect any beneficial effect of sulfadiazine on trau- 
matic shock, although it does reduce the incidence and amount of gas development from 
Clostridium welchii in the tissues of the traumatized .‘-itc. 

The results on the intravenous administration of 18 Gm. of protein as horse globulin 
are suggestive that the procedure is beneficial to the clinical course of tiaumatic shock in 
dogs under nembutal anesthesia in an environmental temperature of 28° C. 

The experiments emphasize the important rolo that environmental temperature may play 
in experimental traumatic shock, in determining the survival rate of the animal. They sug- 
gest that a study of tiie effect of therapeutic agents such as gas gangrene antitoxins and 
plasma should be made at high environmental temperatures (28° C. and above), where tlic 
usual survival rate of the traumatized animals is low. AUTnoiis. 

Katzin, D. I., Eicca, A. E., and Warren, S. L,: Effect of Environmental Temperature and 
Anesthesia on the Survival of Tourniquet Shock in Eabbits. .7. Clin. Investigation 
24: 149, 194.j. 

The temperature of the environment greatly affects survival rates of rabbits on whom 
tourniquets have been applied for five hours. At 10° C. and below, survival rates are high; 
at 24° C. and above, survival rates are low. This is in agreement with the findings in crush 
injury by moans of the press in dogs. 

Nembutal anesthesia may possibly affect the survival rate since 20 per cent (five out of 
nineteen rabbits) survived nhen nembutal was used, and 41 per cent (fifteen out of thirty- 
six rabbits) survived when no anesthe.sia was employed in controlled experiments. The room 
temperature was in the lethal range of 24° C. to 28° C. AUTHOR.s. 

Katzin, L. I., and Warren, S. L.: Thiamine-Deficient Diet in Tourniquet Shock in Eats. 
.1. Clin. Investigation 24: 1.52, 194o. 

In rat.s, a thiamine-deficient diet for various periods (eleven to thirty-nine day.s) had no 
appreciable influence on the .survival rate from shock produced by a tourniquet. AireiiOR-'i- 

Scholz, D. E., Schultz, J. H., Pleime, F. G., Fink, K., Steadman, L. T., and Warren, S. L-‘ 
Study of the Body Temperature and Water Content in Shock Produced by the Con- 
tinuous Intravenous Injection of Adrenalin, With and Without Anesthesia. .1. Clin- 
Inve.stigation 24: 1.51, 1945. 

Xembntal anesthesia results in a generalized parallel fall in the subculaneou.s, intra- 
muscular, and rectal temperatures of tlie dog. 

Injection of adrenalin under the conditions described has no effect on the rectal tem- 
perature. The peripheral muscle tcmper.aturc drop is accentuated. 

On the ba=i.s of survival time, nembutal anesthesia appears to have a deleterious effect 
in adrenalin shock. 

Applications of heat to the four cxtremilie.«, in an attempt to raise the peripheral tem- 
peratures to normal, did not rc.=ult in a beneficial effect in adrenalin shock. 
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In general, tlie hematocrit was elevated as a result of the injection of adrenalin. 

The initial rise in arterial blood pressure when the adrenalin injection is begun is fol- 
lowed by a fall which continues fairly steadily until the animal succumbs. 

The most significant finding in the clmnge in percentage of water in the tissues as a re- 
sult of adrenalin shock was an increase in water content of the heart. Pericardial eifusion 
usually occur.K, and edema of the heart was also demonstrated histologically. The quantity 
of water involved is of no significance to the total water balance. 

The findings indicate that, in this tjqie of shock, there is no specific mobilization of 
water in the tissues which accounts for the rather frequent finding of a rise in hematocrit 
(hemoconcentration) . 

Seram potassium and sodium showed no consistent changes. A rather consistent in- 
crease (average of 17 per cent) in serum magnesium was found in those dogs given nembutal 
anesthesia and was attributed to the latter. ■ Authors. 

Linton, R. E.; Arterial Embolism. A Simplified Technique for the Removal of a Saddle 
Embolus at the Bifurcation of the Aorta With a Report of a Successful Case. Surg., 
Gynec. & Obst. 80: 509, 1945. 

The success of an embolectomy depends on: (1) early operation, (2) direct and ade- 
quate exposure of the site of embolism, (3) occlusion of the artery distal to the embolus be- 
fore the artery is disturbed at, or proximal to, the site of embolism, (4) avoidance of damage 
to the intima, (5) complete control of the arterial inflow both proximal and distal to the ar- 
teriotomy so that (6) a meticulous intima-to-intima closure may be accomplished. 

Tlie removal of a saddle embolus at the bifurcation of the aorta is a feasible opera- 
tion if these principles are followed. 

The technique of the operation has been simplified by the use of the tourniquet type of 
clamp for control of the arteries during the embolectomy, 

A saddle embolus at the bifurcation of the aorta may be removed readily through an 
arteriotomy of the right common iliac artery, with two clamps on this blood vessel and one 
on the left common iliac artery, ■without the necessity of freeing up the aorta. 

Embolectomy is more readily accomplished by direct exposure of the site of embolism. 
Por this reason a transperitoneal or extraperitoneal approach through a right paramedian 
incision is recommended for the exposure of the bifurcation of the aorta and the common 
iliac arteries. Author. 

Naide, M., and Sayen, A.: The Primary Influence of Basal Vascular Tone on the Develop- 
ment of Postocclusive Collateral Circulation and in Selecting Patients for Sympathec- 
tomy. Am. J. JL Sc. 209: 478, 1945. 

An objective method is described by wliich one can predict whether a collateral circu- 
lation is likely to develop following a major peripheral arterial occlusion and whether a 
sympathetic ganglionectomy is indicated. By determining the patient’s basal vascular tone, 
which can be obtained from any unoccluded extremitv-, it is possible to predict far more ac- 
curately the course of the disease and to decide the amount and tj-pe of treatment required. 

Patients who have a low grade of vascular tone will develop a collateral circulation al- 
most invariably and, as a rule, do not require much treatment. The majority of patients who 
liavo a liigh grade of vascular tone do not develop a collateial circulation; and, since their 
symptoms are much more severe, require intensive treatment. Only patients with a high grade 
of vascular tone require sjunpathetic ganglionectomy. 

The pre-vious method for selecting patients for sympathectomy on the basis of their 
capacity to vasodilate in response to paravertebral or local nerve block is erroneous. The 
patients who are in most urgent need for sympathectomy are those with liigh basal vascular 
tone who do not respond to temporary nerve block. Patients with low vascular tone are not 
improved by sympathetic ganglionectomy. Authors. 

Bain, C, W.; Pericarditis and Complete Heart Block During Thiouracil Therapy. Brit. 
Heart J. 7: 49, 1945. 

A case of pericarditis with complete heart block is de.^cribed in a patient receiving 
methyl thiouracil for thyrotoxicosis. The tonsils were infected, but there was no previous 
hi.story of rheumatism. Author. 
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ALTERATION IN P-R INTERVAL ASSOCIATED WITH CHANCE IN 

POSTURE 

Squadron Leader Cf. W. Manning and Wing Coaimander C. B, Stewart 

R.C.A.P. 

INTRODUCTION 

I N THE past five to six j^ears, the recording of many thousands of electro- 
cardiograms in health}’- normal men for the purpose of aircrew or other mili- 
tary medical examinations has brought to light many interesting examples of 
“so-called” electrocardiographic abnormalities in healthy nonnal men without 
any apparent evidence of heart disease. 

During a study of the routine electrocardiograms of Royal Canadian Air 
Force aircrew in 1940-1941 four cases were discovered which showed significant 
alteration in the P-R interval with change in posture. In one of these the reduc- 
tion in the P-R interval Avas ver}’- marked, from 0.40 second to 0.20 second on 
changing from the recumbent to the upright position. 

It has been sIioaaui by several Avorkers that alterations in the direction and 
amplitude of the AvaA’e complexes are sometimes associated with changes in pos- 
ture and respiration.^’ ° Changes have also been reported in the P-R 

inteiwal and other tune relationships in association Avith heart disease and Avith 
A’arious physiologic factors.^’ 

A ease of persistent functional heart block apparentlj^ due to vagal influence 
has been reported by Poel." In this case a change in posture from lying to 
standing position changed the P-R duration from 0.36 second (standing) to 0.30 
second (sitting). Poel also revioAA’s three other cases of incomplete heart block 
due to vagal effect. The effect of posture, hoAA’ever, Avas not determined. Case 4 
of the present report is of particular interest in that incomplete heart block is 
present in the recumbent position and abolished in the sitting or standing po- 
sition. It differs from PoePs case in that the P-R duration comes AA'itliin the 
accepted limit of P-R duration and therefore is not a case of persistent A-V 
block. The mechanism, hoAvcAmr, is most likely due to a A’agal effect as discussed 
in Poel’s report. 

aiaterial and aiethods 

Eoutine electrocardiograms -were taken on E.C.A.F. aircrew trainees in 19^0 and Cvarly 
1941. The men were between the ages of IS and 32 years, the majority between the ages 
of IS and 26 years. All had passed the standard 11.C.A.F. medical examination at a Recrait- 
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ing Center. A. complete cUnical reelieck was made, one or two months later, hy a Medical 
Selection Board, and at that time the electrocardiograms were recorded. 

The routine electrocardiograms were taken Avith a portable Cambridge (English) electro- 
cardiograph which recorded the three standard leads on a single film. The deflection of the 
galvanometer string was standardized before each lead was recorded. All the records were 
taken in the recumbent position. 

As mentioned in previous reports, 2 . s a considerable number of abnormal electrocardi- 
ographic findings were noted, including 2.2 per cent of records Avith a P-R interval greater than 
0.20 second. 

One group of twenty men whose original electrocardiograms had shoAvn a prolonged P-R 
interval were recalled for further investigation, including the effect of changes in posture and 
respiration on the electrocardiogram. The first record of this special study was also taken in 
the recumbent position. It was compared Avith the previous one and served as a check on 
the recording technique. It was also used as a basis for comparison of further records, 
taken immediately afterward in different postures and phases of respiration. 



A. B. 

Fig. 1 . — A, Case 3. Recumbent; prolonged P-R interA'al ; negative P AvaA’Cs. B, Case 3. 
, Sitting, normal P-R interval ; positiA'e P AvaA’es. 


OBSERVATION.? 

A. Decrease in Prolonged P-R Interval With Postural Change— Ot the 
twenty men Avhose electrocardiograms slxowed a prolonged P-R interval, four had 
a record in Avliich this interval could he altered bj’- change in posture. In Case 1, 
a reduction occurred in the P-R interval from 0.28 second in tlic record taken in 
the recumbent position to 0.20 second in tlie one taken in the sitting position- 
The change in position was accompanied by only a slight increase in the heart 
rate. 

In Case 2, the P-R inteiwal decreased from 0.24 second in the record taken in 
the recumbent position to 0.20 second in the sitting position, Avithout significant 
change in heart rate. 

In Case 3 the routine record revealed negative P waves in aU three leads, 
a P-R interval of 0.24 second, a left axis deviation, a splintered S 3 Avave, and a 
negative T 3 AvaA-e (Fig. 1, A) , One Aveek later additional records Avere taken in 
the recumbent position, in the sitting position, in the sitting position folloAvIng 
deep inspiration, and in the recumbent position folloAving exercise. The record 
taken in the recumbent position AA’as the same as the routine record described 
preA'iously, Avith a heart rate of 79 per minute. In the sitting position tlic F 
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waves in. all three leads became positive, the P-R interval was reduced to 0.20 
second, and the heart rate was unchanged (Fig. 1,B). Tg was still negative, but 
the splintermg of S3 had disappeared. This produced a more marked degree of 
left axis deviation. Deep inspiration in this position did not change the P 
wave or P-R interval, but reduced the degree of left axis deviation. After one 
minute of strenuous exercise a record taken in the recumbent position showed 
negative P waves in all three leads again. The heart rate was increased to 100 
per minute and the P-R inteiwal was 0.20 second. Left axis deviation and splin- 
tered S3 were still present, but T3 was now^ positive. It appears from the altera- 
tion in direction of the P waves that there may have been a shift in the loca- 
tion of the origin of the impulse within the auricle when the airman moved from 
the horizontal to the vertical position. On physical examination no cardiac ab- 
normality could be detected. 



A. n. 

Pig:. 2. — A, Case 4, 1940. Recumbent ; prolonged P-R interval. B, Case 4, 1940. Sitting ; 

normal P-R interval. 


Case 4: was a healthy athletic airman, aged 25 years, whose clinical exam- 
ination revealed no abnormality. Blood pressure was 130/88. Heart size and 
sounds were normal. The original electrocardiogram, talcen in the recumbent 
position in July, 1940, showed a P-R inteiwal of 0.40 second (Fig. 2, A). In 
the sitting position the P-R interval became 0.20 second (Fig. 2, B) vdth little 
or no change in the heart rate from that shonm in the preceding record. 

Additional records were taken in the sitting and recumbent positions, fol- 
lowing exercise, and follondng the subcutaneous administration of %oo grain 
of atropine sulfate. In the recumbent position the P-R interval was again 0.40 
second, and deep inspiration only reduced it to 0.36 second. Thirty minutes 
after the subcutaneous injection of %oo grain of atropme sulfate the interval 
in the recumbent position was still 0.36 second. 

Nine days later another seiics of electrocardiographic records was obtained. 
The man was placed in the recumbent position, and records were taken at various 
angles by elevating the head of the bed. In the recumbent position the P-R 
duration was agam 0.40 second. At 40 degrees from the horizontal it was still 
0.40 second, but at 50 degrees it had changed to 0.20 second. The elevation of 
the bed was not continuous. There was a pause for several minutes while each 
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Table I. Changes in P-E Interval 
(Case 4, 1940) 


POSITION 

INTERVAL 

HEART RATE 

Eecumbent 

0.40 

84 

25 degrees from horizontal 

0.40 

82 

40 degrees from horizontal 

0.40 

84 

50 'degrees from horizontal 

0.20 

84 

60 degrees from horizontal 

0.18 

84 

70 degrees from horizontal 

0.20 

86 

80 degrees from horizontal 

0.20 

84 

Standing 

0.20 

88 

Recumbent 

0.40 

78 

On right side 

0,42 

66 

On left side 

0,42 

66 

Prone 

0.44 

70 

Carotid sinus pressure 

0.42 

70 

Immediately after exercise 

0.24 

110 

Two minutes after exercise 

0,36 

94 

Three minutes after exercise 

0,36 

90 


record was made. Table I shows tlie P-E. interval and cardiac rate in the various 
positions. 

In the right or left lateral or prone positions there was a slight increase in 
the P-E interval beyond 0.40 second accompanied by a slight decrease in the 
heart rate. The last three records in Table I were taken immediately after the 
man had exercised until he was almost exhausted. The heart rate was 110, and 
the P-E duration was reduced to 0.24 second. A few minutes later the heart 
rate had decreased to 94, and the P-E interval had increased to approximately 
0.34 or 0.36 second. It could not be measured accurately since the P wave was 
partially superimposed on the T wmve. 

The remarkable alteration in the P-E interval with cliange from the recum- 
bent to the upright position was observed over a period of one month. Since 
there was no eridence of cardiac abnormality other than that found in the elec- 
trocardiogram he “was permitted to continue his fljing training. 

An additional electrocardiogram obtained in January, 1942, revealed the 
same findings with a P-E interval of 0.36 to 0.38 second in the recumbent posi- 
tion. He had been on operational flying overseas as a fighter pilot for several 
months and showmd no clinical evidence of cardiac abnormality. Further ex- 
aminations were made in April, July, and August, 1943, ivlien the officer was 
hospitalized for duodenal ulcer. Clinical cai’diac examinations at this time were 
negative, but no electrocardiogram was taken. 

On March 3, 1944, after the officer’s return to Canada, an electrocardi- 
ogi’aphic record shoived a P-E of 0.34 second, and on March 9, 0.32 second. The 
latter record wms said to liave been taken in the sitting position. 

On March 28, 1944, he was I'eferred to a consultant cardiologist who re- 
ported that in the recumbent position the P-E interval was 0.34 second, and i» 
the sitting position it was 0.32 second. Ejmball pre.ssure did not affect the P-P 
interval significantly, but after exercise a rccoi’d in tlie x’eeumbent position 
showed it to be 0.19 second with a rate of 108. 

On April 17, electrocardiograms were taken by the same cardiologist ■with 
the subject in the sitting and recumbent positions before and after the sub- 
cutaneous injection of %o grain of atropine sulfate. In these records the P-P 
interval was reported to be nonnal, 0.16 second, in the sitting position and 0.32 
in the recumbent. Atropine did not chaiure the P-E interval in either position. 

The medical documents tliereforc repoii two electrocardiograms ^rith pro- 
longed P-E interval wliich were said to have been taken in the sitting position, 
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Table II. Changes in P-E Interval — Case 4 — 1944 


POSITION 

1. Recumbent, norm.al respiration 

2. Recumbent, deep inspiration 

3. Recumbent, deep expiration 

4. Sitting, normal respiration 

5. Sitting, deep inspiration 

6. Sitting, deep expiration 

7. Standing, normal respiration 

8. Lying, riglit side 

9. Lying, left side 

10. Recumbent, immediately after lying 
doivn 

11. Recumbent, 1 minute after lying down 

12. Standing, immediately after exercise 
(T and P partly superimposed) 

13. Standing, 4 minutes after exercise (T 
and P partly superimposed) 

14. Eight minutes after exercise, immedi- 
ately after lying down 

15. Recumbent, immediately after exercise 

16. Recumbent, 3 minutes after exercise 

17. Tilt Eecord 1 

1. From horizontal to 80° in 20 seconds 

2. At 80° for 10 seconds 

3. From 80° to horizontal in 20 seconds 

4. Horizontal 

18. Tilt Becord 2 

1. From horizontal to 80° in 11 seconds 

2. At 80° for 8 seconds 

19. Tilt Becotd S 

1. From horizontal to 80° in 10 seconds 

2. At 80° for 10 seconds 

3. From 80° to horizontal in 16 seconds 

4. At horizontal 7 seconds 

20. Tilt Record 4 

1. From horizontal to 80° in IS seconds 

2. At 80° for 10 seconds 

3. From 80° to horizontal in 20 seconds 

4. Hoiizontal for 10 seconds 


P-E INTERVAL HEART KATE 

(SEC.) (PER MIN.) FIGURE 


0.38 

62 


Fig. 

CO 

0.36 to 0,40 

60 




0.38 to 0.40 

64 




0.20 

65 


Fig. 

3, B 

0.22 to 0.38 

74 

1 

Fig. 

A 

0.24 to 0.38 

72 

] 


0.20 

82 


• 


0.36 

60 




0.36 

60 




0.22 

66 


Fig. 

5 

0.38 

62 




0.20 to 0.24 

146 




0.20 to 0.24 

130 




0.22 to 0.24 

90 




0.18 

90 


Fig. 

6 

0.20 

84 



0.36 to 0.24 

70 to 

80 



0.24 to 0.20 

86 




0.20 to 0.24 

76 




0.36 immediately 

66 




0.36 to 0.34 
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but other records taken a few weeks later did not confirm this. A possible ex- 
planation for this apiiarent contradiction was shoivn in the following series of 
records obtained in August, 1944. These were taken on a Cambridge electro- 
ear diograph-stethograph (researcli model). Table II shows the P-R interval 
as measured in Lead II and the cardiac rate of the records obtained at this time 
in various postures and phases of respiration. 

Li electrocardiograms taken after the subject has been in the recumbent 
position for a few minutes the P-R interval was 0.36 to 0.40 second (Pig. 3, A). 
Records taken in tlie sitting or standing position had a P-R inteiwal of 0.20 
seconds (Fig. 3, R). These were similar to records taken four j^ears before 
(Pig. 2, A and B). It was noted, lioAvever, that when he was tilted from 80 
degrees to the horizontal the P-R interval sometimes did not increase for several 
seconds. For example, in Record 17 the P-R interval increased inunediately 
from 0.24 to 0.36 second as the hoiizontul level was reached, but in Record 19 
the P-R interval was still 0.22 second when the record was stopped seven sec- 
onds after reaching the horizontal level. Record 10, taken immediately after 
the officer lay dmvn, also showed a normal P-R interval (Pig. 5). Apparentlj* 
the change in P-R inteiwal does not always occur immediately after change in 
posture. In the same way, on tilting quickly from horizontal to 80 degrees 
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(Record 18), tlie P-R remained prolonged for a few seconds before changing to 
0.20 second. This may explain the occasional finding of a prolonged P-R inter- 
val in records taken in the sitting position, as reported in his medical docu- 
ments, if these records were taken immediately after sitting up. 



t 


Fie 4 . — Case 4, 1944, Lead XT, continuous record. Sitting. Top: T'-R (ncrea^d 
0.22 to 0.38 second with deep inspiration. Middle: P-R oo secSd with 

and increased to 0.38 second on forced expiration. Bottom: P-R returned to 0.22 seco 

normal respiration. 
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Deep inspiration and deep expiration both prolonged the P-E interval in 
records taken in the sitting position (Fig. 4), but no significant change was 
produced by deep breatliing in records taken in the recumbent position where 
the P-E interval was already 0.36 to 0.38 second. 

The exercise carried out before Eecord 12 consisted of stepping to a chair 
twenty-five times per minute for three minutes. The electrocardiogram taken 
while standing showed a P-E interval of 0.20 to 0.24 second immediately after 
the exercise and four minutes later with the P wave partlj^ superimposed on the 
preceding T w^ave. Eight minutes later and immediatelj^ after lying do^vn it 
was still 0.20 second with a rate of 90. It was thought that this short P-E 
interval in the recumbent position might have been due to the fact that the 
record was taken soon after the patient assumed the recumbent position and 
was not due to exercise. However, records were taken on the following day 'with 
the subject exercising the legs for two minutes, as in riding a bicycle, while re- 
taining the recumbent position. The pulse rate was increased to 90, and the P-E 
was reduced to 0.20 second by the exercise alone (Pig. 6). It was apparent, 


Pig-. 5. 


Fig. 0. 


Fig. 5. — Ca.se 4, 1944. Recumbent, immediatelv after lying down. P-R interval 0.22 
second. 

Pig. C. — Case 4, 1944. Recumbent, immediately before and after exercise. P-R interval 
decreased from 0.36 to 0.18 second. 

therefore, that exercise was capable of reducing the P-E to the normal range, 
even without an excessive increase in rate, while the man remained in the re- 
cumbent position. Exercise also resulted in the P-E remaining short if the re- 
cumbent position was a.ssumed before the rate had returned to normal. Un- 
fortunately the records were not continued until the change in P-E interval 
occurred. 

During the movement of the tilt table the electrocardiogram was recorded 
continuously. It was noted that the P-E change usually occurred just as, or 
shortly after, the body reached the upright or horizontal position, although 
Eecord 19 was discontinued before the change occurred. In records talmn four 
years before, the change in P-E interval was noted between 40 and 50 degrees. 
However, the latter had been taken after a pause at each 10-degree angle, and 
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Table HI 


POSITION 

LEAD I 

LEAD 11 

LEAD in 

1. Recumbent, normal respiration 

0.13 

O.IG 

0.16 

2. Recumbent, deep inspiration 

0.14 

0.15 

0.15 

3. Recumbent, deep expiration 

0.15 

0.16 

0.16 

4. Sitting, normal respiration 

0.14 

0.15 

0.15 

5. Sitting, deep inspiration 

0.13 

0.15 

0.15 

6. Sitting, deep expiration 

0.14 

0.15 

0.16 


tliere was a time interval of several seconds sufficient to allow the adaptation o! 
the P-R interval to occur. 

B. Changes in Normal P-R With Postural CJuinge . — A study was also made 
of the changes produced by posture and respiration in P-R intervals -witliin the 
range of 0.12 to 0.18 second. The electrocardiographic records of thirty men 
were studied, and the results were compared with those of the prolonged P-R 
group. Electrocardiograms were taken in the recumbent position and the sittin 
position during normal respiration, folloiving deep inspiration, and folloudn 
deep expiration. The heart rate and P-R intervals were measured in each record. 
Table III shows the average duration of the P-R interval with each position. 



Pig. 7. — A, Case 4, 1944. Tilt to 80 degrees (white line). P-R interval decreased from 
0.36 to 0.2O second. B, Case 4, 1944. Tilt back to horizontal (white line). P-R interval in- 
creased from 0.20 to 0.32 second at angle of 10 degrees. 


Slight variations in the P-R interval and also the P-wave amplitude oc- 
cui'red in many of the records. This change was usually about 0.01 and 0.02 
second. In the records of six men a decrease in P-R interval of 0.02 second ac- 
companied an increase in heart rate produced by a change from the recumbent 
to the sitting position. 

In one other man a P-R interval of 0.18 second and a heart rate of 88 were 
noted in the record taken in the recumbent position. In the sitting position 
the rate remained at 88, but the P-R became 0.16 second. On deep inspiration 
with the man remaining in the sitting position, the interval decreased to 0.12 
second. Tliis change is in the reverse direction from that noted in Case 4. The 
heart inte remained practically the same, 84 per minute, and there was a marked 
decrease in the amplitude of the P waves witli Pj changing to a negative wave. 

m.scussiON 

A number of individuals have .shown interesting changes in the P-R interval 
associated with changes in the posture and respiration and with changes in 
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heart rate produced by exercise. This study has not produced evidence as to the 
exact nature of these changes, but it is suggested that two possible explanations 
might be considered — an aberrant conduction pathway or fluctuation in vagal 
tone (autonomic imbalance). Lewis^ and others have shown that increase in the 
vagal tone in the human being produces many effects on the cardiac mechanism, 
some of which are seen in the electrocardiogram. These vagal effects are more 
apparent in convalescent patients, and as a result fainting often occurs. 

In this group of four men the first electrocardiograms, taken in the recum- 
bent position, would be considered abnormal insofar as the P-R interval is con- 
cerned, while their records taken in the upright position would be considered 
within the normal limits, or borderline. It is considered possible that the 
physiologic fluctuations in autonomic balance may be more prominent in these 
men than in the average individual. The vagal effects might be so marked 
that the P-R duration would be increased bejmnd the accepted normal limits. 
Vagal effects usually produce minor changes such as sinus arrhythmia and 
brachycardia,^° but they might be responsible for even greater effects in these 
individuals. It is not undei’stood why the change in posture should be re- 
sponsible for the production of such effects. 

In. electrocardiograms with a P-R interval between 0.12 and 0.18 second, 
only slight alteration occurred in the P-R duration as a result of change in pos- 
ture or respiration except in one man whose P-R interval was changed from 0.18 
to 0.12 second. 

In view of the fact that marked differences can occur in the electrocardio- 
grams of some individuals with change in posture, it is desirable that the posi- 
tion of the patient during tlie recording of the electrocardiogram should always 
be noted. It is also suggested that when an electrocardiographic abnomality is 
found, additional records taken in different positions and phases of respiration 
may provide further useful information. 

SUMMARY 

Out of tAventy cases Avith prolonged P-R interval four cases are reported in 
Avliich definite reduction in tlie P-R interval occuiTed on change from the re- 
cumbent to the upright position. Similar effects Avere noted Avith cliange in pos- 
ture and respiration in the electrocardiogram of one man from a group of thirty 
Avhose P-R intervals Avere witliin the normal limits. 
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CONGENITAL HEART DISEASE 

Case Reports on Three IVIembers of a Family 

Captain Isidore Stein, M.C., and IMajor Bonn J. Barber, M.C. 

Army of the United States 

T his is a report of congenital heart disease in a mother and two of her 
children. These eases have been considered worth reporting because no 
similar report has been found in a careful review of the literature. 

CASE REPORTS 

Case 1. — The mother was 34 years old, white, and somewhat obese; her general health 
had been good. She had had three full-term pregnancies, each with normal delivery and un- 
complicated puerperium. At the time of examination she was able to perform her household 
duties without difficulty. At the age of 18 she first became aware that she had a “heart 
condition,” and that her blood pressure was elevated. 

Family Hi-story .- — The patient has a sister who has three sons, one of whom died at 
the age of 8 years of congenital heart disease. Another was rejected by the Air Corps be- 
cause of a “heart condition,” and the third son is on limited sendee in the Army because 
of a “heart condition and high blood pressure.” 

Examination . — ^Blood pressure, left arm, 210/110; right arm, 190/110. The blood 
pressure was not obtainable in either leg by the usual methods. The femoral, dorsalis pedis, 
and posterior tibial pulses were not palpable. There were no dilated vessels on the anterior 
chest wall, and no unusual pulsations were felt. The heart was not enlarged, and the sounds 
were of good quality. The pulmonic second sound was louder than the aortic second. The 
rhythm was normal. There was a short, soft, systolic murmur localized at the base of the 
heart, and a moderately long, high-pitched systolic murmur was localized to the left of the 
lower end of the sternum. There were no thrills. There was a moderately palpable supra- 
sternal pulse. There were no signs of decompensation. 

Eoentgenographic and fluoroscopic examination (Fig. 1) revealed the following: The 
normal anterior indentation of the esophagus by the aortic knob was not seen after a swallow 
of barium. This is indicative of hypoplasia of the aorta. The heart size was normal. Tliere 
was notching of the inferior borders of the ribs posteriorly, between the levels of the fifth 
through the tenth ribs on the left side, and also a slight degree of notching of the inferior 
borders of the ribs posteriorly on the right side of the fifth tlirough tlie nintli ribs. 
Laboratorj' studies, including the electrocardiogram (Fig. 2), were negative. 

Case 2. — The daughter, 9 years old, was first known to have had an abnormal heart 
at the age of 1% years, after several attacks of tonsillitis. At the time of examination she 
presented no complaints, and enjoyed all activities without s^miptoms of diminished cardiac 
reserve. Two years previously she had an uneventful tonsillectomy. 

Examination . — Tlie blood pressure was 80/50. The apex of the heart was in the fifth 
intercostal space at the anterior axillary line; the pulmonic second sound was louder than 
the aortic second ; and the rhythm was normal. Tiiere was a moderately long, har.sh murmur 
occupying all of systole and part of diastole; this was heard over the entire chest, but was 
loudest at the base and along the left sternal border. There was a marked thrill in tlic 
suprasternal notch. The femoral pulsations were normal. There were no signs of decom- 
pensation. 

Fluoroscopic and roentgenographic studies (Fig. 3) revealed enlargement of the heart 
involving all of its chambers, c.^ipccialh- the left auricle and right ventricle. There wa« also 
some enlargement of pulmonary conus ; the aortic knob was not visualized. 

The electrocardiogram (Fig. 4) revealed right axis delation, an inverted T wave in 
Leads II and IV^, and moderate elevation of the R-T segment in Lead III. (Inversion of T4 )“ 
considered normal in children.) 

Receivwl for publication Xov. l.I. lOtt. 
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Laboratory investigationsj including circulation time (calcium cWoride metliod) and 
venous pressure, were negative. 

• Case 3. — The son, 12 years old, was born a "blue baby,’’ but cyanosis had not been 
noticed thereafter. At the time of examination he had no complaints; he participated in all 
activities and showed no evidence of diminished cardiac reserve. 

Examination . — ^Blood pressure, 110/80; the apex beat was felt in the fourth intercostal 
space, within the midclancular line; the sounds were of good quality; the pulmonic second 
was louder than the aortic second; and the rhythm was normal. There was a moderately 
long, harsh murmur occupying all of systole and part of diastole, heard over the entire chest, 
but loudest at the base and along the left sternal margin. There uas a marked thrill in the 
suprasternal notch. The femoral pulsations were adequate. 

On fluoroscopic and roentgenographic examination of the heart (Fig. 5), slight en- 
largement of the left auricle and some prominence of the pulmonary conus were noted."'' 

Laboratorj' studies, including the electrocardiogram (Fig. 6), circulation time, and 
venous pressure, were negative. 



Fier. 1. Fig. 2. 

Fig. 1. — Mother. (See text for interpretation.) 

Fig. 2. — ^ilother. Normal eiectrocaidiograni ; ventricular premature systole in Lead I. 


COMMENT 

There have been few reports of congenital heart disease in two members of 
a family.--^’ No reports were found in which three members of a family were 
afflicted. The family herein discussed jiresents an unusual number of congenital 
defects. This becomes even more impressive when the mother’s sister’s family 
is included. There is the possibility that between four and seven members of 
these two families were affected. 

The three cases which we have reported include one of coarctation of the 
aorta in the mother, and patency of the ductus arteriosus in the son and 
daughter. However, anotlier lesion is most likely present also, for patency of 
the ductus arteriosus does not explain the enlargement of the left and right 
auricles . A pei-sistently patent foramen ovale can account for enlargement of 

‘We arc indebted to Major Burt Friedman, M.C., for the interpretations of the roent- 
genologic studies. 
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these chambers. In our opinion, the children possess identical ' lesions, but the 
daughter has them to a greater degree. 

The daughter was the onlj’- one to show any degree of cardiac enlargement 
and an abnormal electrocardiogram (T, inverted, indicating myocardial 
damage). All three, however, were symptom free and apparently were able to 
cany on their normal daily activities without any difficulty. Although the 
prognosis must be considered uncertain, it is quite possible that the mother 
and son may live their full span of years. It is interesting that the mother 



Fig. 4. — Daughter. Note inversion of T wave in Lead II. Right axis deviation. 



Pig. 5. — Son. (See text for interpretation.) Fig. G. — Son. Normal electrocardiogram. 


went through three pregnancies with normal, spontaneous deliveries. During all 
of these she never showed anj’- evidence of diminished cardiac reserve. One thus 
questions the wisdom, at least in this instance, of Walker’s recommendation* 
that the method of choice at the onset of labor in women with coarctation of the 
aorta is cesarean section. 

Maude E. Abbott, in her section, “Congenital Cardiac Disease,” in McCrae 
and Osier’s Modern Medicine , states that, in a series of 850 cases, there was a 
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liistorj' of congenital defect in either a bi’other or sister of the patient in only 
eleven cases. 

A discussion of the causes of these congenital malfomiations must of neces- 
sity be extremely speculative. Heredity is probably a factor in only a smnll 
proportion of cases, for the high mortality rate of congenital cardiac patients 
would of necessity prevent any direct transmission of these defects in any con- 
siderable numbers. However, this possibility must be given due consideration 
if the history as given by the mother can be considered reliable. And there is 
no reason to presume otherwise. The factors involved then would probably 
lie in the pi*esenee of genes of a recessive character. According to Abbott,' 
“The predominating cause of the defect is clearly to be sought in the majority of 
cases in the environment of the developing embryo.” She believes that most are 
due to the arresting of growth at an early stage, before the various portions of 
the heart have been formed. But some, particularly those in the more fully 
developed hearts, may be caused by fetal disease. 


CONCLUSION 

1. The cases of a mother, son, and daughter Avith congenital heart disease 
are reported. 

2. The infrequency of such a coincidence is pointed out, and a review of 
the literature is given. 
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STRAIN OF THE PECTORALIS MINOR MUSCLE, AN IMPORTANT 
CAUSE OP PRECORDIAL PAIN IN SOLDIERS 

C.VPT.UN IMilton IMendlowitz, M.C., Ar:my of the United States 

I N CIVILIANS, coronai*3" arteriosclerosis is so often responsible for precordial 
pain that the term angina pectoris has come to he applied chiefly to pain 
of this origin. At this station, on the other hand, if psychonenrosis and anxiety 
states were excluded, the most common cause of preeordial pain ^Yas found to 
be strain of the peetoralis minor muscle. Over a short period of time eight 
cases of this condition were observed in the hospital and ten eases in the out- 
patient dejiartment. It is therefore the xjurpose of this communication to de- 
scribe a hitherto unrecognized clinical entity and differentiate it from both 
organic and functional disease of the heart and lungs. 

Strain of the peetoralis minor muscle may be confused with intrathoracic 
and cardiac disease more often when the syndrome occurs on the left than on 
the right side. The initial complaint is pain in the left or right anterior part 
of the chest. There may be a histoiy of trauma, but frequently the patient is 
either unaware of any iiijurj^ or has forgotten it. The pain in the anterior 
part of the chest is u-suall}^ in the midclavieular region at the level of the third, 
fourth, or flfth ribs, and may radiate to the shoulder along the distribution of 
the muscle, but never radiates down the arm. It may be intermittent and may 
appear to be brought on by effort. Analj’^sis, however, will always reveal that 
tile effort involves movement of the affected uiiper extremity. Tenderness is 
present throughout the distribution of the peetoralis minor muscle, and is 
maximal in the midclavieular line at the level of the third, fourth, or fifth ribs. 
It must be remembered, however, that referred tenderness may be present in 
angina pectoris and in other diseases involving the thoracic cage. An impor- 
tant diagnostic feature is reproduction of the pain in the left anterior part of- 
the chest by having the patient push the upper arm forward against resistance 
when the elbow is in any position dorsal to the body. The diagnosis can be 
established beyond doubt if the injection of procaine into the site of maximal 
tenderness eliminates the pain. Valuable negative evidence is the absence of 
signs of intrathoracic disease on iihysical examination and negative electro- 
cardiographic and roentgenologic observations. In addition, heat, massage, and 
local rest usually cause the pain to subside within several days. In two of the 
eases observed, the attacks of pain were recurrent and chronic over a period 
of years. In one of these cases the strain was produced by lifting a dipper full 
of molten iron, and, in the other, by a fall from a horse. 

REPORT OP A TYPICAL CASE 

A private, 2S years old, was admitted to the Station Hospital complaining of pre- 
cordial pain of two days’ duration. This pain was in the left anterior part of the chest 
in the midclavieular region, and radiated to the left shoulder. It was intermittent and ap- 
parently brought on by effort. On further questioning, the effort consisted of lifting hea%y 
objects and certain physical exercises in which the left upper 'extremity was used. In addi- 
tion, tlie pain was aggravated by coughing, sneezing, or deep inspiration. TJiere was no 

Uorcivod for public.-xtion Xov. 21. 1914. 


12.1 


124 


AilERIC^VN HEART JOURNAL 


pain between attacks, although a sense of soreness persisted. No information relevant to 
the patient’s chief complaint was elicited from the past or family history. 

On physical examination, tenderness was present in the left anterior part of the chest 
along the distribution of the left pectoralis minor muscle, and was maximal at the level 
of the fourth and fifth ribs in the midclavicular line. Brmging the left elbow across the 
chest toward the right shoulder against resistance did not elicit the pain despite obvious 
tension produced in the lower portion of the left pectoralis major muscle. 'Wlien the left 
dbow was dorsal to the body either above, at a level with, or below the left shoulder, move- 
ment of the arm forward against resistance reproduced the left anterior chest pain. In- 
jection of procaine into the site of maximal tenderness in the left anterior part of the 
chest eliminated the pain completely for several hours and permitted free movement of the 
left arm without pain in any position. The blood cell count, sedimentation rate, and urine 
examination, as well as the electrocardiogram and chest roentgenogram, revealed no sig- 
nificant abnormalities. 

The patient was kept at rest in bed, and the left pectoral region was subjected to 
diathermy and gentle massage tm'ce a day. One week after admission he was returned to 
duty completely free of pain and tenderness. 

Since the pectoralis minor muscle has its origin in the midclavicular region 
of the chest at the level of the third, fourth, and fifth ribs, whereas the pec- 
toralis major originates along the entire parasternal region, this sjti drome is 
probably caused by rupture of a variable number of tlie fibers of the pectoralis 
minor from their site of origin on the chest wall, rather than by any injury to 
the pectoralis major. This is further substantiated by absence of a visible de- 
fect or subcutaneous hemorrhage, features usually present in such eases of 
rupture of the pectoralis major as are described.’-'® In addition, tension pro- 
duced in the lower pectoralis major by bringing the arm across the chest fails 
to reproduce the pain, whereas pushing the arm forward against resistance from 
a position dorsal to the body, thus bringing the shoulder down and forward, 
a maneuver effected in part by contraction of the pectoralis minor, ^ does re- 
produce the pain. Only one case® of rupture of the pectoralis minor has been 
recorded. In this case there was apparently a complete avulsion of the muscle, 
with the production of a persistent tumor in the pectoral region. In the cases 
reported in this communication there was a lesser degree of muscle injurj’^ more 
properly called “strain.” 

Pectoralis minor muscle strain is more common in soldiers than civilians, 
probably because of the strenuous nature of certain militarj’- duties and also 
because most soldiers are required to participate in cale.sthenics. This type of 
strain should therefore be kept in mind, especially in the Armed Forces, when- 
ever a patient complains of left or right anterior chest pain, whether or not 
it is possible to elicit a history of trauma. It should never be confused with 
disease of the heart or lungs, or attributed to a psychoneurosis or to “goldbrick- 
ing.” Although several authors have emphasized the importance of distinguish- 
ing angina pectoris from muscle strain®-" and from “fibrositis” of the chc-st 
wall,® none seem to be aw’are of the .specific clinical entity of pectoralis minor 
muscle strain. This diagnosis ma3' be verified b3' the simple measures here 
reported. 

SUMMARY 

1 . Pectoralis minor muscle strain is a common cause of precordial pam 
in soldiers. 

2. Its hitherto unde.scribed clinical features are diseirs.sed and differentiated 
from organic and functional disea.se of the heart, and lungs. 
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ORAL SINGLE-DOSE DIGITALIZATION AVITH DIGITALIS LEAP AND 

DIGITALINE ‘ ‘ NATIVELLE ’ ’ 


L. N. Katz, M.D., and W. AVise, M.D. 

Chicago, III. 

AA^ITH the COLL.4BORATION OF H. N. GiNSBURG, AI.D., I. SCIIIFF, M.33., AND 

P, Krause, BI.D. 

I N A series of reports'^-® Gold and Cattell and tlieir associates have shown the 
inadequacy of applying animal assays to man when comparing potency or 
toxicity of different types of digitalis drugs. A method was developed by them 
for comparing such drugs in humans by noting the effect upon the S-T-T com- 
plex in the electrocardiograms of patients with sinus rhythm, or bj* determining 
the degree of slowing of the average resting ventricular rate in patients with 
persistent auricular fibrillation. They found that an average digitalizing effect 
was obtained in a few hours when either 15 cat units of U.S.P XI digitalis leaf 
or 1.2 mg. (3 cat units) of digitaline “Nativelle” were administered as a single 
dose to patients who had been without any digitalis drag for several weeks; 
digitalization was obtained with the same dosage of “Nativelle” intravenously 
as orally. Toxic effects were of the same nature with both drugs; however, witli 
"Nativelle” approximately 2 per cent of the cases showed toxic effects due to lo- 
cal action, and a similar number showed toxic effects due to systemic action when 
doses of 1.2 mg. were used ; while Avith digitalis about 20 per cent showed toxic 
effects due to local action, and about 4 per cent showed toxic effects due to sys- 
temic action.^ AVhen 2 mg. of ‘‘Nativelle” were used, the incidence of toxicity 
was much higlier than when doses of 1.2 mg. were used.®- 

Digitaline “Nativelle”^ is a commercial preparation from Digitalis pur- 
purea, considered to contain at least 90 per cent of crystalline digitoxin and to 
be faiily completely absorbed from the intestine in man.'** ' 
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Table I 


CASE 

PA- 

TIENT 

. AGE 
(YES.) 

SEX 

AVEIQHT 

(pounds) 

1 DIAGNOSIS 

HEART 

FAILURE 

dregs 

gives 

1 

ES 

40 

F 

100 

Rheumatic heart disease, mitral 
stenosis and insufficiency 

Mild 

N-D-K 

2 

JW 

44 

M 

140 

Rheumatic heart disease, mitral 
stenosis and insufficiency 

0 

N-D-R 

3 

MH 

58 

F 

130 

Rheumatic heart disease, mitral 
stenosis and insufficiency, aortic 
insufficiency 

Mod. 

severe 

N-D-N 

4 

ND 

G8 

M 

225 

Arteriosclerotic heart disease 

0 

N-D-N 

5 

MZ 

59 

F 

125 

Rheumatic heart disease, mitral 
stenosis and insufficiency 

0 

N-D-N 

G 

SS 

29 

M 

145 

Rheumatic heart disease, mitral 
stenosis and insufficiency 

0 

N-B-N 

7 

txJLi 

37 

M 

180 

Rheumatic heart disease, mitral 
stenosis and insufficiency 

0 

N-D-N* 

8 

EF 

52 

F 

no 

Rheumatic heart disease, mitral 
stenosis 

0 

N-D 

9 

FD 

59 

F 

125 - 

Arteriosclerotic heart disease 

0 

N-D-N 

10 

JO 

60 


155 

Arteriosclerotic heart disease 

0 

N-D-N 

11 

LS 

53 

F 

100 

Rheumatic heart disease, mitral 
stenosis and insufficiency, aortic 
insufficiency 

Severe 

N-D 

12 

SC 

57 

F 

260 

Arteriosclerotic heart disease 

0 

N-D-N 

13 

FW 

32 


175 

Rheumatic heart disease, mitral 
stenosis and insufficiency, aortic 
insufficiency 

Severe 

N 

14 

LD 

58 

F 

155 

Arteriosclerotic heart disease 

Mod. 

severe 

N 

15 

JF 

37 


148 

Rheumatic heart disease, mitral 
stenosis and insufficiency 

0 

N-N* 


N = Diffitaline “Nativelle” orally (1.2 mg’.). 

D = Digitalis orally (Digitora, ten tablets, each containing 1.28 grains of U.S.P. XU 
digitalis leaf). 

N* = Dlgltalino “Nativelle” intravenously (1.2 mg.). 


The present study was undertaken to confirm for ourselves the safety anti 
comparative efficacy of administering digitalis leaf^^ and “Nativelle” in single 
digitalizing doses. Fifteen patients with chronic auricular fibrillation were used 
in the study (Table I). Of these, all but Patients 8, 11, 13, 14, and 15 received 
“Nativelle” twice and digitalis once (1.2 mg. of the former and 12.8 grains of 
the latter). Patients 8 and 11 received “Nativelle” once and digitalis once. 
Patients 13, 14, and 15 received “Nativelle” only; the last received it once 
orallj^ and once intravenously; the other two received it only once orally. One 
of the two “Nativelle” administrations of Patient 7 was made intravenously. 

All the patients were kept on a salt-poor diet in the ho.spital and were ambu- 
latory except for those in severe heart failure. The heart rate was measured 
daily, for at least a full minute, after twenty minutes or longer of complete rest 
in bed. "When maintenance of an elevated heart rate level indicated fairly com- 
plete elimination of previous digitalis- drug and acclimatization to the hospital 
en\dronment, each patient was given the “Nativelle” and kept in bed that day; 
the heart rate Avas measured hourly for tAvelve hours, after Avhich the patient wa-s 
permit ted up and about and daily heart rates Avere then taken until (in thirteen 
cases) a ncAv level aa’os reached and maintained before starting upon further 
therapy. 


RESULTS 

Oral Administfation . — The initial control levels of lieart rate pidor to the 
administration of drug I’anged from 82 to 159 beats per minute, in most in- 

*Tlic preparation of digitalis p.'-cd ivas Upjohn "Digitora.” of which tho 


Strength** tablet contains 1.2S Frralns of XT.S.P. XII tlipltalls leaf, equal to 1 cat u 
U.S.P? XII Dlirltalia Units. Ton sucli comprised tho ainglc tJoso used jn all 


cni'CS. 
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stances falling below 110. The heart rate levels just prior to administration of 
the digitalis dmgs in those cases receiving two or three cofirses were for the most 
part of the same order, so that it was possible to compare the effects of the sev- 
eral courses. The heart rate curves obtained following medication were essen- 
tially similar to those obtained under like circumstances by Gold and Cattell 
and their co-workers both as to amount and tune of change. In the patients 
who had '‘Nativelle” tAwce, the two curves were nearly identical, and the whole- 
leaf digitalis effect AA'as also very much the same (Figs. 1 and 2) . The main dif- 
ference observed Avas that digitalis leaf tended to depress the rate somewhat 
more than “Nativelle,” and the rate tended to remain Ioav longer and be more 
delayed in returning to its control level (Fig. 2). 



HOUftS ^ .til 

OPX5-6 -s 




-1 


as'tseTasioJiit 


■I I , ^ I I I I I t I 

1 ^ 3 4 5 6 7 6 S 10 U It XJ 14 15 16 17 Ifi J9 go 


Fig. 1. — Cliart listing pertinent data on Patient 4, "with arteriosclerotic heart disease, 
persistent auricular fibrillation, and no heart failure. This patient received at time 0, on dif- 
ferent occasions, first, 1.2 mg. of dlgitaline "Nativelle” (solid-line curve), then 12.8 grains 
digitalis (dash curve), and then again 1,2 mg. “Nativelle” (dot curve), each in a single oral 
dose. No difference is seen between the effect of “Nativelle” and digitalis administrations. 
The heart rate fell from a range of about 83 in about seven hours to a level of about 65, and 
returned to the control range in about twelve days. Ventricular rate is in beats per minute. 
Discussed in text. 



, 2.-yChart listing pertinent data on Patient C, with rheumatic heart disease mitral 

stenosis and insulllciency, persistent auricular fibrillation, and no heart failure. This patient 
receiv^ the same three courses as Patient 4 (Fig. 1) and in the same sequence (conventions 
us in Fig. p. Both "Nativelle” and digitalis depressed the rate in five to eight hours from a 
range of about 150 to one of about 85. W'lth “Nativelle” the heart rate tend^ to retard 
towards the control level in a few days; with digitalis it remained depressed (even reachlnir a 
Dlslussfd iVtext" to the control ranie In tweWe days 
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Table II 


(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

EXPERI- 

CONTROL 

LOW 

DECLINE 

PER CENT 

TIME TO 

liEVEL 

TIME TO 

TIME TO 

MENT 

LEVEL 

LEVEL 

(BEATS/ 

DECLINE 

REACH 

OP y-i 

REACH l/> 

RETURN TO 


(BEATS/ 

(BEATS/ 

MIN.) 

(%) 

LOW 

DECLINE 

DECLINE 

CONTROh 


MIN.) 

MIN.) 



LEVEL 

(BEATS/ 

(HRS.) 

UATI, 






(IIKS.) 

MIN.) 


(D.\YS) 

* 

Essential Data on Heart Mate of Twenty-Fotir Cases of Oral 

“Nativelle’- 


1 

124 

80 

44 

35 

7 

102 

3 

10 

1 

122 

67 

OD 

45 

7 

95 

2 

- 

2 

99 

73 

26 

26 

5 

86 

2 

11 

2 

97 

70 

27 

28 

5 

83 

2 

- 

3 

108 

72 

36 

33 

91/, 

90 

2i/o 

19 

3 

88 

06 

22 

25 

8 

77 

2% 

9 

4 

84 

03 

21 

25 

7 

74 

1% 

IG 

4 

84 

63 

26 

23 

7 

101 

1 

- 

5 

114 

88 

26 

23 

7 

101 

2 

11 

5 

118 

90 

28 

24 

8 

104 

4 

- 

6 

150 

86 

64 

43 

7 

118 

2 

8 

6 

147 

87 

60 

41 

7 

117 

21/. 

- 

7 

89 

55 

34 

38 

5 

72 

2 

7 

8 

94 

90 

4 

4 

6 

92 

2 

- 

9 

100 

70 

30 

30 

7 

85 

3 

13 

9 

92 

70 

22 

35 

8 

86 

3 

- 

10 

102 

74 

28 

27 

7 

88 

4 

10 

10 

97 

75 

22 

23 

8 

86 

3 

- 

11 

91 

73 

18 

20 

7 

82 

31/1, 

- 

12 

90 

80 

10 

17 

7 

88 

2 

IG 

12 

91 

75 

to 

IS 

0 

83 

3 

7 

13 

' lOo 

06 

. 39 

37 

]0 

80 

4% 

- 

14 

130 

73 

57 

44 

10 

101 

3 

- 

15 

114 

71 

43 

38 

4 

92 

3 

10 

Average 

106 

74 

32 

29 

7 

90 

21/1 

11 


Essential Data on Heart Mate of Two Cases of Intravenous “ Nativelle” 


7 

89 

52 . 

34 

38 

4 

68 

1 

- 

15 

96 

56 


42 


76 

11/1 



Essential Data on Heart Mate of Twelve Ca^es of Oral Digitalis 



159 

78 

81 

51 

7 

118 

21/. 

14 


90 

63 

33 

37 

7 

76 

ly. 

15 


98 

60 

38 

39 

6 

79 

2 

20 


82 

64 

IS 

22 

4 

73 

2 

21 


95 

55 

40 

42 

10 

75 

1 

31 


150 

85 

65 

43 

9 

117 

41/, 

12 


87 

44 

43 

50 

0 

66 

1% 

- 


101 

94 

7 

7 

5 

97 

3 

- 


94 

66 

28 

33 

8 

SO 

2 

13 


93 

64 

29 

31 

8 

79 

2% 

13 


120 

90 

30 

25 

6 

105 

4% 

- 


So 

68 

17 

20 

5 

70 

3 

20 

■•Vverage 

104 

09 

36 

33 

7 

87 

214 

18 


The figures in tljis table are obtained by inspection of the curves and are rough aP' 
proxlmatlons based upon the trends of these curves. 


In twenty-four trials with “Nativclle” orally (Table II), the rale fell 
from a level of 84 to 150 (average, 106) in four to ten hours (average, 7) to 
level of 55 to 90 (mostly 60 to 80; average, 74), representing a fall in most cases 
of 15 to 45 per cent (average, 29 per cent). Half the fall occurred in one to 
four and one-half hours (average, two and one-half horn's). The control level 
was reached again in seven to nineteen (average, eleven) days. 

The effects vdth digitalis leaf were of the same order. In twelve trials witli 
digitalis (Table II) the rate fell from a level of 85 to 159 (average, 104) in foin 
to ten horn's (average, seven) to a level of 44 to 94 (average, 69), a fall in most 
•cases of 20 to 40 per cent (average, 33 per cent). Half the fall occurred in one 
to four and one-half hour.s (average, two and one-half hours). The control Icvc 
was reached again in twelve to twenty-one (average, eighteen) days. 
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While it is important to appreciate the existence of individual variations 
in response, a composite curve better illustrates the average elfect. To accom- 
plish this, the twelve cases which received both drugs were used. The ‘‘Nati- 
velle” rates at each time period were first averaged in those eases recemng 
"Nativelle” twice, then averages of the twelve cases were obtained and plotted 
as a single curve; the digitalis points were similarly averaged and plotted 
(Fig. 3). Examination of the curves of averages in this figure shows no es- 
sential difference for the first four Fours ; thereafter, the average rate was some- 
what lower with digitalis. The rate remained low for about a week Avith dig- 
italis, while Avith “Nativelle” the rate began sloAvly to rise again after the first 
day. 

Fig. 4 compares the percentage decline in the indiAudual eases. It shoAA's 
that the decline Avas greater AAuth digitalis than AAuth “Nativelle” in eleven of 
the twelA^e cases. 

With both drugs, scatter graphs from data in Table I shoAved a rough 
linear trend Avhen the initial IcA^el of heart rale (column 2) Avas plotted against 
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its low level (column 3), the degree of decline (column 4) and the percentage 
decline (column 5), respectively. The best trend was obtained in the graph of 
initial heart rate level plotted against the degree of decline in heart rate. The 
low level reached tended to be at a faster rate and the actual and percentage de- 
cline in heart rate tended to be greater, the greater the initial heart rate. This 
elfeet was valuable in that, when initially high, the heart rate tended to reach 
normal; when low, there was less tendency to decline and go below normal. 

Examination of columns 2, 4, 5, 8, and 9 of Table I shows that there is no 
apparent relationship between the initial level or degree of decline in heart 
rate, and the time necessary to reach the low level or to return to the control 
level. 



Piff. 5. — Chart listing- pertinent data on Patient 7, with rheumatic heart disease, mitral 
.stenosis and insuniciency, persistent auricular fibrillation, and no heart failure. This Patient 
received 1.2 mg. “Nativelle” oraliy (solid-line curve), then digitalis (not shown), and later 
1.2 mg. “Nativelle” Intravenously (dot curve). Oral "Nativelle” reduced the heart rate froni 
SO to a range of 55 in five hours, intravenous “Nativelle” reduced the rate from 84_ to the 
same range in one hour; after five hours the curves were essentially the same. Discu.^-sed 
in text. 

Intravenous “Nativelle .” — In two cases, the effects of oral and intravenous 
administration of the same 1.2 mg. dose of “Nativelle” were compared in the 
same patient. One such experiment is illustrated in Pig. 5. In both cases the 
initial decline was more rapid than usually occurred with oral “Nativelle. 
However, after the first three or four hours, the curves were much the same for 
both intravenous and oral “Nativelle.” This is in accord vdth the observations 
of Gold and Cattell and their associates. 

Toxicity . — In only one of the twenty-six instances ivas “Nativelle” ad- 
ministration associated with a definite toxic effect; in this instance spotty 
amblyopia occurred at the second hour. There was also one instance of tran.s- 
itoiy aching left chest pain at the third hour and one of slight ujipcr abdominal 
heaviness with belching at the fourth hour. The patient with amblyopia also 
had a constricting feeling about the chest and a sensation of vigorous heart ac- 
tion during the fifth and sixth hours. 

In two of twelve' instances (Patients 1 and 11), digitalis leaf administration 
was associated vdtli vomiting, occurring at the twentieth and twenty-fifth min- 
utes, rc.spcetively, and in one of these it occuiTcd again at the second and third 
houis; however, both patients had naiasca and vomiting prior to the admm- 
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istration of the drug. Both, in spite of the early vomiting, showed a satisfac- 
tory reduction in heart rate. One patient had dizziness at the first hour and 
nausea at the eighth hour, while another had abdominal cramps at the ninth 
hour. 

This incidence of toxic manifestations would appear to be of the same 
order as that observed by Gold and Cattell and their associates, udth similar 
dosages. 

DISCUSSION 

Our experience, meager when compared to the large experience of Gold 
and Cattell and their group, has led us to the following conclusions, which are, 
in most respects, similar to theirs® : 

1. Both digitaline “Nativelle” in 1.2 mg. dosage and digitalis leaf in 12.8 
grain U.S.P. XII dosage would appear to provide safe, effective, single-dose 
digitalization in imdigitalized patients. 

2. “Nativelle” has a lower incidence of toxic effects. 

3. Intravenous administration of “Nativelle” possesses little advantage 
over the oral route. 

In addition to the above series, about fifteen patients in cardiac failure, most 
of them without auricular fibrillation, were given 1.2 mg. of digitaline 
“Nativelle” with good clinical results and no toxic effects. It was sometimes 
neeessaiy to follow up with further smaller doses before an adequate digitaliz- 
ing effect was obtained. 

From our experience it v^ould appear that single massive oral dosage may 
be safer than generally realized hitherto, provided ahvays that the patient has 
not had digitalis in the past two or three weeks. Intravenous digitaline 
“Nativelle” is not the method of choice in these cases, since all the benefits of 
intravenous use of this drug can be obtained orally. Single dose administration 
is not advocated as a substitute for intravenous digitalization in cardiovascular 
emergencies; in such cases strophanthin K or ouabain are the drugs of choice 
since these drugs act more rapidly than digitaline “Nativelle.” However, when 
an effect is desired in a few' hours, the effect can more safely be accomplished by 
large oral doses rather than by intravenous administration of digitalis prepara- 
tions. This is the place for single large-dose administration of digitalis. 

Even when a moderateh’’ rapid effect is desired, w^e do not advocate single 
large-dose oral administration as a general rule. In most cases it -would be 
preferable to give the drug in di-vdded doses, such as 0.8 mg. of digitaline 
“Nativelle” followed bj’- 0.4 mg. in six to eight hours and by such subsequent 
doses as might be necessary to attain the desired effect. When digitalized, the 
patient may be maintaiued on digitalis leaf, “Nativelle,” or some other prepara- 
tion. Average maintenance doses of “Nativelle” are 0.1 to 0.2 mg. daily, more 
usually the latter.® 

The similarity of intravenous and oral digitalizing dosage of “Nativelle” 
is not found w'ith any other digitalis tj-pe of preparation; Lanatosid C, for 
example, requires about ten times as much drug orally as intravenously for rapid 
digitalization." This, plus the fact that a digitalizing effect is obtained about as 
rapidly in most cases -with oral as with intravenous “Nativelle,” suggests that 
the drug', given orally, is fairly rapidly as well as fairly completely absorbed. 

The significant difference found in tlie time necessary for the heart rate to 
return to a level range, averagiug eighteen days W'ith digitalis and eleven w'ith 
“Nativelle,” and the tendency of the heart rate to retain a low' level longer with 
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digitalis than with ‘/Nativelle” indicate a more rapid excretion or destruction 
of “Nativelle” than of digitalis leaf. 

The actually greater degree of the average depression of heart rate with 
digitalis than with “Nativelle” is apparently due to the dosage. Thus, Gold 
and Cattell and their co-workers® demonstrated in their time graphs that a 
greater depression of heart rate occurs with the larger dosage of digitalis when 
two different doses are compared in the same patient. It would, therefore, ap- 
pear that 1.2 mg. of digitaline “Nativelle” is equal in potency to somewhat 
less than 12.8 grains of U.S.P. XII digitalis of the preparation used in our 
study. This does not agree with the experience of Gold and Cattell and their 
associates® w^ho by the same method, found 1.2 mg. of “NativeUe’' approximately 
equal in potency to 18.5 grains of U.S.P. XII digitalis leaf. The difference may 
1)6 in the digitalis leaf preparation employed in the two studies. 

SUJIMARY AND CONCLUSIONS 

In order to verify the safety and efficacy of single-dose digitalization and 
to compare digitalis leaf and digitaline “Nativelle” in this respect, the effects 
upon the resting heart rate of twelve oral administrations of 12.8 grams of 
U.S.P. XII digitalis leaf and tiventy-four oral and two intravenous administra- 
tions of 1.2 mg. of digitalis “Nativelle” were studied in fifteen patients with 
persistent auricular fibrillation after the manner of Gold and Cattell and their 
associates. 

All administrations had essentially similar effects, causing an average fall 
in heart rate of about 30 per cent in four to ten (average, seven) hours. Digitalis 
leaf, in the dosage used, tended to depress the rate somewhat more than 
"Nativelle” did, and the return to control level w'as more delayed, averaging 
eighteen days as compared to eleven days -with “Nativelle.” With both drugs 
a greater actual and percentage decline in heart rate tended to occur with 
greater initial heart rate. 

Intravenous “Nativelle” in the two cases w'here it ivas used, caused a more 
rapid decline in rate than oral “Nativelle” but after three to four hours its 
effect was much the same as that of oral “Nativelle” in the same dosage. 

The incidence of toxic manifestations appeared, in this small serie.s, to be 
of the same order as that observed by Gold and Cattell and their eo-workers in 
a larger series and was less with “Nativelle” than ivith digitalis leaf. 

Either drug in the dosage used would appear to provide a safe, oral, single- 
dose digitalization, and might he useful when an effect is desired in a few hours 
in undigitalized patients. This is, in general, preferable to intravenous admin- 
istration, except in cardiovascular emergencies, where a Sfroplianthiis derivate, 
given intravenously, is preferable for its more rapid effect. Wliile single-dose 
digitalization was used experimentally, and sometimes therapeutically, divided 
dosage, such as 0.8 mg. of “Nativelle” followed by 0.4 mg. in six to eight hours, 
would be preferable in most cases. 

The similarity of intravenous and oral digitalizing dose of '^Nativelle, 
found wdth no other digitalis type of preparation, sugge.sts that the drug, gi^'cn 
orally, is fairly rapidly as well as fairly completely absorbed. It would also 
appear that “Nativelle” is probably more rapidly excreted or de.stroyed than 
digitalis leaf. 
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CARDIAC ANEURYSM WITH RUPTURE 

Ralph Lee Fisher, A.B., M.D., P.A.C.P,'*^' 

Detroit, Mich. 

A lthough many eases of cardiac aneurysm have been reported, rupture 
. of aneurj'sm of the heart as a cause of death is exceedingly rare. Death 
in this condition is usually due to the underlying heart trouble, such as coronary 
disease or myocarditis. A ease bf tuberculous myocardiac aneurysm with rup- 
ture has been reported by Jones and Tilden,^ and a mycotic aneurysm of the 
heart ivith rupture has been described by Pirani.^ Gross and SchwedeP re- 
ported forty-three cases without an instance of rupture, and Hunter and Ben- 
son,'* in forty eases of spontaneous rapture of the heart, found only one instance 
in which an aneurysm was the cause. Thomas,® in 1930, reported a single case 
of rupture of aneurysm of the heart. Of fifteen cases of cardiac aneurysm 
reported bj’’ Parkinson, Bedford, and Thomson,® none of the seven who died 
experienced rupture of same. In twenty-one cases reported by Brams and 
Gropper,^ rupture did not occur. Friedman and White*® found no instance 
of ruptured cardiac aneurj’-sm among 165 cases of chronic or healed myocardial 
infarction. 

Aneurysm of the heart is rarely recognized during life. Brams and 
Gropper" made a clinical diagnosis in only four out of twenty-one cases, and 
in these four cases the evidence was not positive. Only three of the fifteen 
cases reported by Parkinson, et al,® were discovered before autopsy. Dressier 
and Pfeiffer® reported ten cases in w^hich the condition was perceived during 
life. Up to 1914 only three cases were correctly diagnosed clinically. Stern- 
berg,® Lutembacher,*® and Christian and Frick,** as late as 1939, felt it was diffi- 
cult if not impossible to diagnose cardiac aneurysm during life. 

Nearly all cases are preceded by myocardial infarction due to coronarj" dis- 
ease. The resulting fibrosis leaves a ^Yeal^; spot in the heart wall which dilates 
mth the increase of intraventricular pressure. Aneurj^sm may also occur from 
abscess of the heart wnU, trauma, ulcerative lesions of bacterial endocarditis, or 
congenital defects (Fulton*®). 


Recei%’ed for publication Jan. 13, 1945. 
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Working with dogs, Sntton and Davis^® showed that with adequate rest a 
much firmer scar was formed after experimental infarction, and the tendency 
to aneurysm was correspondingly much less than in dogs who did not have the 
proper rest. They, therefore, felt that adequate rest after coronary thrombosis 
was of value in preventing the formation of an aneurysm of the heart. 

The symptoms and signs may be grouped under (1) clinical, (2) eleclro- 
cardiograpliic, and (3) roentgenographic ; the latter of which is the most im- 
portant. There is usually a previous histoiy suggesting coronary thrombosis 
with infarction. Among the presumptive signs that have been described are en- 
largement of the heart to percussion; a diffuse and increased area of cardiac 
impulse, often measuring 7 to 9 cm., with the pulsation more marked betiveen 
the apex and the sternum than at the apex proper ; a small pulse with elevation 
of intercostal spaces ; a systolic mui-mur just inside the apex ; a heavy cardiac 
thrust associated yvith a feeble pulse ; a wavy pulsation along the inside of the 
left nipple; gallop rhythm; and a continuous rather severe pain limited to a 
well-defined area, described by Lutembaeher.^® 

According to Brains and Gropper,^ electrocardiographic studies are of no 
direct diagnostic aid as they show onty the antecedent coiunary thrombosis 
Several electrocardiographic patteims have been described. Eliaser and Konigs- 
berg,^^ in reviewing five of their own cases and previously published cases of 
aneur 3 ’'sm of the left ventricle following coronary occlusion, with electrocardi- 
ographic studies, found in 27.3 per cent a downwardly directed major deflection 
in Lead I, with inversion of the T wave and upright P wave, and an upright 
ventricular complex in Lead III. In 36.4 per cent of these cases the ventricular 
complexes were directly downwardlj’- in Leads II and III with an upright major 
deflection in Lead I of either nonnal or low amplitude. In 18.2 per cent of 
the cases left bundle branch block was present, Nordenfelt^® reported the follow- 
' ing electrocardiographic characteristics in large chronic aneurysms of the an- 
teiflor wall of the left ventricle : relatively low deep Sj and Sa, elevated S-T 
segments in all leads, negative T,, and positive Tg and T,,. In four eases in 
which Lead IVF was recorded, R was absent, S was deep, and the S-T segment 
was elevated with a positive T wave. He feels that if these changes persist over 
a long period of time, aneurysms or extensive filrrosis of the anterior wall of the 
left ventricle may be suspected in eases where there is a preceding history of 
anterior infarction. Thirteerr out of fifteen cases reported bj’- Parkinson and his 
associates® showed a T^ type of infarction, and one showed the Tg tj-pe. In the 
Dressier and Pfeiffer-g groups, all cases showed electrocardiographic signs of 
previous infarction, and deep S deflections in Leads II and III were noted in 
half of them. In a third of his cases blaster^" found a combination of intra- 
verrtricular block with a deep Q wave arrd inverted T wave in Lead I, which 
he felt suggested the diagirosis of cardiac aneurj’'sm. 

The following roentgenographic findings have been described: a circum- 
scribed bulging of the left border of the cardiac silhouette with s 5 ’'stolic lateral 
pulsation; discrepancy between an enlarged left ventricle and a small vascular 
pedicle (Parkinson, et al.®) ; a broadening of the apex of the heart giving it a 
square or rectangular appearance; an elongation of the heart to the left; cal- 
cification of the aneurj'smal sac; evidence of adhesion between the heart and 
chest wall or diaphragm; and abnormal or absent pulsation of the aneurysmal 
zone. Aneurj'sms of the postcidor wall of the ventricle are best seen in the lefl 
oblique position and may cause a -visible displacement of the esophagim. An- 
terior aneur 3 -.sras are be.st seen in the right oblique position. Ledging of the 
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anterior heart border is of great diagnostic value (Parkinson, et al.°) . Fluoros- 
copy may reveal a bulge -whicli is not seen in the roentgenogram. A distention 
of the anterior wall of the left ventricle, chiefly toward the right, will result in 
a displacement of the anterior longitudinal sulcus and of the right ventricle. 
Koentgenkymogi’aphic studies may show an aortic tj^e of pulsation along the 
outer border of the left ventricle (Browne and McHardy^®). It is very difficult 
to recognize roentgenologically an aneurysm situated in the apex as it may be 
buried in the left hepatic lobe or obscured by the diaphragm. Tliis is unfor- 
tunate since the apex is the most frequent location for cardiac aneurysms. 




Fig. 1. — Electrocardiogram taken during first admission, showing sharply inverted T 
waves in Leads I, II, and P witli major deflections oC the QRS complexes directed down- 
wardly in Leads II. IH, and lA^P; and a marked increase in amplitude of T wave and absent 
n wave in Lead IVF. 


CASE REPORT 

A 67-year-old wMto man .stated he was perfectly well until ten days previous to his fir.st 
admission to the hospital on Feb. 16, 1944. On this day, while shaving, he was suddenly 
seized with a sharp, severe, precordial pain which forced him to lie down. About one-half 
hour later he began to vomit and continued to do so intermittently for six hours. There was 
no previous history of pain in the chest. There was no earlier record of shortness of breath, 
palpitation, or chronic cough. 

Examination revealed an elderly, white man lying quietly in bed. The heart %vas 
markedly enlarged both to right and left; the roentgenogram showed its greatest transverse 
diameter to measure 17 cm. as compared with an internal thoracic diameter of 32 centimeters. 
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There was a soft systolic murmur at the apex, A. was greater than Pj, and the first apical 
sound was rather distant. The heart rate was 76 per minute, and the rhj'thm was normal. 
There was marked dilatation of the aorta. The blood pressure was 134/74. There ivas 
sclerosis of the retinal arteries. The prostate gland was slightly enlarged. Otherwise the 
general physical examination was not remarkable. 

At this time the leucocjdes numbered 5,200, and the sedimentation rate was 16 mm. in 
one hour. The Kline test was negative. Electrocardiogram (Fig. 1) was interpreted as evi- 
dence of fairly recent previous anterior myocardial infarction with deep S. and S, wdves. 
The final diagnoses were as follows: generalized arteriosclerotic heart disease with coronarv 
thrombosis and recent anterior infarct; moderate prostatic hj'pertrophy. 

The patient was kept in bed for about four weeks and then gradually was allowed veiy 
restricted activity. 



Fip. 2. — Roentgenogram of che.st (mobile unit), showing markedly enlarged heart and densi- 
ties in both lung bases. 

He was next seen on April 29, 1944, complaining of a moderate productive cough, spell-s 
of pain beginning in the upper abdomen and radiating to the prccordial region, accompanied 
by' shortness of breatli. At tliis time the heart was enlarged to the left anterior axillary 
line. The tones were faint; heart rate was regular, 130 per minute; and the blood pressure 
was 160/96. There was nothing distinctive about the cardiac pulsations. Moist rales were 
present at both pulmonary bases with some dullness at the right base. The abdomen was dis- 
tended, but the liver was not palpable. There was no edema of the extremities. 

In the portable x-ray of the chest (Fig. 2) the cardiac borders were difficult to visualize, 
and the size of the heart was hard to e.stimate becau.se of the short focal distance. However, 
there was a bulpng of the cardiac apex far to the left. The lung fields had the appearance 
of extensive pulmonary edema. 

Electrocardiogram (Fig. 3) taken on the second day of tliis admi.ssion revealed old 
anterior myocardial infarction with marked left ventricular preponderance. 

Clinical diagnoses were: old arteriosclerotic heart disease with old anterior infarction; 
generalized arteriosclerosis; lienign prostatic hypertrophy; and ah added diagno.sis of cardiac 
failure was made. 

The patient received 18 grains of digitalis over a period of three days. In the raenn- 
time, he developed intermittent pain over the prccordial area. A friction rub, which la.stod 
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for one day, was heard in the cardiac apex. The temperature at that time was 100.4° F., the 
leucocytes numbered 9,450, and the sedimentation rate was 10 mm. in one hour. There was 
an onset of diarrhea. Suddenly on the sixtii day after admission his pulse could not be 
palpated, he complained of gaseous distention, became comatose, and expired. 



Pig. 3. — Electrocardiogram taken second day of last admission, showing diphasic T 
waves in Leads I, II, and IVP; slightly elevated S-T segments in Leads II, III, and IVP- 
and deep S waves in Leads II, III, and with absence of R wave in Lead lArP. ' 


External appearance: The body was tliat of a well-developed, well-nourished, 
white man. There was no rigor mortis, jaundice, or edema. There was cyanosis. Grade 2, 
of the nails and lips and mild hypostasis. On the anterior chest wall theie were several 
petcchiac. 

Thoracic ca'iit}*: There was no fluid in the thoiacic cavil}'. Adhesions nere absent on 
the left side but present on the right side posteriorly and laterally. The pericardial sac was 
markedly dilated and filled with blood and blood clots. CrepiUis was decreased at both 
pulmonar\ bases. The color was a darker red at the bases. Anthracosis, Grade 2, was 
present. ’ 


‘Autopsy was perfornietl by Dr. Don Beaver, Director of 
Hospital, and Woman’s Hospital. Detroit, Michigan. 


Pathol ogj'. 


Alexander Blain 
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. The heart weighed 740 graifiE. The epieardium was slightly granular and slightly hem- 
orrhagic. At the apex there were dense, fibrous adJiesions present which obliterated the peri- 
cardial sac. The right auricle was dilated Grade 2, The foramen ovale was closed. The 
tricuspid valve was normal, the right ventricle was slightly dUated. The muscle 
was about 1 cm. in greatest thickness. The pulmonary valve was normal. The 
left auricle was dilated. Grade 2, and the mitral valve was normal. The left ventricle 
was dilated at the apex into a sac measuring about 8 cm. in diameter. Over the endocardium 
of the sac there were firm, adherent, blood clots. These were detached with difficulty. The 
mj'ocardium of the apex, septum, and sac had undergone fibrosis. At one point on the sac 
the muscle was very thin and soft, and at that point there was a stellate perforation, measur- 
ing 1 cm. in length. The right coronary artery was normal at the orifice, but there was con- 
siderable calcification of the aorta surrounding the orifice. The vessel itself was large, dilated, 
and about 3 cm. from its origin there was a patch of arteriosclerosis about 1^2 cm. in length; 



Fig. 1. — Drawing of external surface of lieart revealing the saccular aneurysm of tin’ 
left ventricle, involving the anterior surface. Note the slitlike perforation of the aneurysm 
at the midportion of the lower margin. The fibrous thickening of the epieardium surround- 
ing the aneurysmal sac is also noteworthy. 

however, there wa.s no occlusion at this point. The left coronary arterv- was normal at tlic 
orifice. The circumflex brancli was dilated and free from occlusions. The anterior descend- 
ing branch showed considerable arterio.=clerosis and calcification about 114 cm. from the origin 
of the ves'el. At that point the lumen was occluded by arterio.^-clerotic changes. No thrombo- 
sis was found. The ascending aorta '\as dilated. Grade 2. Tlie aortic valve cusps were par- 
tially calcified, and the valve ring was dilated. The aorta retealed sclerosis, Grade 1, except 
at the valve ring and around the coronary- orifices where it was Grade 2 to 3. 

Peritoneal cavity: Tlie spleen weighed 100 grams. There was an old liealcd infarct 
about 7 cm. in diameter on the lateral surface. The trabeculae and follicles wore distinct. 
The capsule vas smooth. 

The left kidney weighed 125 grams, Tlic capsule stripped with ea«e, revealing a smooth 
surface which had a small, white :irc-a 1 cm. in diameter on the lateral edge. The uretcb 
pelvi,», and medulla were normal. Tlie cortex was normal, except for the white area. The 
right kidney weighed 12.3 grnin=, Tlie cap.Mile stripped with ea^e, revealing a smooth surface 
which had a red area IJA cm, in diameter and a white area 1 cm. in diameter. Except foe 
those two area®, the I’ortex and medulla were normal. The pelvi® and ureter were norm- • 
No further examinating was done. 
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Microscopic findings: Examination of the heart revealed that the myocardium was 
atrophic and replaced by scar tissue. At the endocardial margin there was an organizing 
thrombus. The epicardium was thickened and fibrous. 

Anatomic and microscopic diagnoses: . (1) Coronary arteriosclerosis with occlusion 
{anterior descending branch); (2) Healed infarct of apex of left ventricle, with scarring 
and formation of aneurysm; (3) Recent perforation of the cardiac aneurysm with hemo- 
pericardium; (4) Old healed infarct of spleen and kidneys plus recent infarct of right 
kidney; (5) Old healed pericarditis; and (6) Arteriosclerosis of aorta and aortic valve ring. 



Pig. 5. — ^Drawing of lieart with the left auricle and ventricle opened, disclosing tlie 
mitral valve leaflets. The chordae tendincae are attached to anterior and posterior papillarj’’ 
muscles. Aneurysmal dilatation is observed in apical portion of the left ventricle, extending 
toward the septum and toward the anterior surface below. Note the fibrous thickening of 
the epicardium over the left ventricle and the aneurysm. Note also the e.xtremely thin muscle 
which tortns the wall of the aneurj’smal sac. 

DISCUSSION AND SUMMARY 

A case of ruptured cardiac aneuiysm, verified by autopsy, is reported. 
The classical signs of aneuiysm of the heart are described. However, those 
wliich were feasible to look for were not present in this case, making it impos- 
sible to diagnose tliis condition in life. Eupture of cardiac aneurysm is very 
rare. The electrocardiogram in this case resembled very closely the pattern 
descrilied by Nordenfelt^^ as diagnostic of cardiac aneurysm of the anterior wall 
of the left ventricle. 'When sudden death occuis during the course of coronary 
heart disease, espeeiallj* when there has been a history of previous myocardial 
infarction, rupture of a cardiac aneurysm should be considered. It would seem 
that adequate rest following myocardial infarction did not prevent the formation 
of a cardiac aneurysm in this patient. 
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THE ELECTROCARDIOGRAM IN HYPERTENSION 
I. Its DESCRiPTroN 

Elwyn Ev^vns, ]\I,D., Winter Park, Fla., IMarion Mathews, M.D., 
Augusta, Ga., and Paul D. White, M.D., Boston, IVIass. 

T he electro cardiogi’am is of value in the diagnosis and prognosis of hyper- 
tension and hypertensive heart disease and may be of value in the deter- 
mination of suitable cases for surgical treatment of hypertension by splanchnic 
resection.^ Changes occurring in the electrocardiogram in hypertension have 
been described many times;**’* however, very* few correlations have been made, 
and changes in the T waves in Leads TI and HI have rarely been mentioned 
and have not been stressed. Also there has been but little experience with the 
multiple precordial leads in hypertension. The surgical treatment of hyper- 
tension has afforded us an opportunity to study changes in the electrocardio- 
gram and to make numerous correlations between these and other ehaiige-s 
concomitant with hyperten.sion, including pathologic changes in the kidney-^- 

A. The Limb Leads 

Two hundred nine consecutive hypertensive patients, upon whom lumho- 
doreal sympathectomies were performed by R. H. Smithwick at the Massachu- 
setts General Hospital, were selected for study. One hundred ff£ty electro- 
cardiograms taken on 132 of the patients were suitable for analy.sis, that is, 
each record was taken with the patient in recumbency, and there were no com- 
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plicating factors sucli as digitalis effect or congenital or rlieumatic heart dis- 
ease; the additional eighteen records were follow-np electrocardiograms on 
several of the 132 patients at later dates. The ages of the 132 patients varied 
from 22 to 58 years with an average age of 40 years. The known duration of 
h 3 T)ertension ranged from two months to twenty-four years. Eye grounds 
and renal biopsies varied from normal to Grade 4. Hearts were normal to 
large by teleroentgenogram. Electrocardiograms were normal to very abnormal. 

One patient was said to have had an acute myocardial infarction about one 
month before operation, and another patient was said previously to have had 
a posterior myocardial i^arction, but their electrocardiograms showed no 
evidence of such complications. 

We believe that this material represents a good cross section of what one 
may expect to find in hypertension. 

CHANGES IN THE LIMB LEAD ELECTROCARDIOGRAM ASSOCIATED 
WITH HYPERTENSION 

Gross analysis of the 150 electrocardiograms (Table I) revealed that 34.7 
per cent were within normal limits, 27.3 per cent had abnormal T waves only, 
16 per cent had left axis deviation only, and 22 per cent had left axis deviation 
and T wave abnormalities. The T wave in Lead I was referred to in this and 
subsequent tables unless othenvise specified because the most consistent and most 
marked changes usuallj'' occurred in the T wave in that lead. Many times the 
T waves or axis deviation were within the normal (Fig. 1) but sometimes they 
were very close to the borderline between normal and abnormal. Occasionally 
their contours were such that slight adverse alterations in the T wave or elec- 
trical axis would have caused them to be abnormal. 

Early changes in the electrocardiogram consisted of depression of the ES-T 
junction, the RS-T segment, and the T wave in Lead I (Pig. 3). In only six of 
the 150 electrocardiograms did the RS-T junction appear above the isoelectric 
line. Two of these were not included in Table II because the level of the RS-T 
junction in Lead III could not be determined accurately in these cases or in 
the remaining three of the total group of 150. It appeared at the isoelectric 
line thirty-five times and below that level 106 times. By the time the T wave 
became zero to 1 mm. in height, the RS-T junction was found above the iso- 
electric line in only one instance (4 per cent) or below it in nineteen (76 per 
cent). By the time the T wave became diphasic or inverted, the ES-T junction 
was found below the isoelectric line in aU but one instance when it was at that 
level (Table III). The most striking changes occurred in the last portion of 
the RS-T segment and in the first portion of the T wave in Lead I so that the 
T wave first became diphasic (the minus, plus type) and later inverted. While 
the T wave was still upright, the RS-T segment was concave upward, but by 
the time the T wave became completely inverted, the RS-T segment was convex 
upward; that is, the convexity of the RS-T segment was opposite in direction 
to that of the T wave. 

Concomitant with changes in Lead I were changes in the electrical axis, 
increase in length of the QT interval, and alterations in the RS-T junctions, 
the RS-T segments, and the T waves in Leads II and IH. When measurable, 
shifts in the RS-T junctions and segments were foimd to have occurred in the 
same direction as those of the T waves. Many times, however, the RS-T junc- 
tion and segment changes were insignificant and difficult to measure. 
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Tj\ble I. Gnoss Analysis of the Lijib Leads op the Electkocardiogram in Hyi>e[:tensiox 


NUIIBER OP 

EGG 'S NORMAL 

-I* 

T CHANGES* 
ONLY 

L. A. D.t 
ONLY 

L. A. D. and 

T CHANGES 

TOTAL 

ABNORMAL 

ECG’S 

150 52 (34.7%) 

41 (27.3%) 

24 (16.0%) 

33 (22.0%) 

98 (65.3%) 

Total numlier of T changes 

= 74 (49.?%) 



Total number of L.A.D. 

= 57 (38.0%) 




*T Changes = T less than 1 mm. In Lead I. 

tL.A.D. = left axis deviation of 0° or greater (Einthoven’s triangle). 


Apparently the most common changes in Lead HI were elevations of the 
KS-T junction, the RS-T segment, and the T wave (Pigs. 5 and 6). By the time 
the RS-T junction in Lead I was found below the isoelectric line, the ES-T 
junction in Lead m was found above the isoelectric line in 41.5 per cent, at 
that level in 37.7 per cent, and below it in 20.8 per cent (Table II). It vas 
impossible to be certain, however, that the RS-T junction had shifted up or 
dovui just because the junction was found to be above or below the isoelectric 
line. As the last part of the RS-T segment and the first part of the T wave 
in Lead I became depressed, the last part of the RS-T segment and the first 
part of the T Avave in Lead HI frequently became elevated. These alterations 
often produced “coronary” tj'^pes of RS-T segments in Lead III (late in- 
version of the T waves with the RS-T segments at or above the isoelectric 
line) in electrocardiograms of patients in whom the T waves in Lead III were 
noi'mally inverted. Not uncommonly, the T wave in Lead III became de- 
pressed so that a normally inverted T wave became more inverted. Changes 
in the T wave in Lead 11 almost always occurred in the same direction as those 
in Lead I since changes in Lead I almost always predominated over those in 
Lead III and Lead n is the algebraic sum of Leads I and HI. By the same 
token, changes in Lead I predominated over those in Lead H in cases in Avhich 
the T Avave aams depressed in Lead I and eleAmted in Lead HI. They pre- 
dominated in Lead H Avhen the T AvaA’-e Avas depressed in Lead HI, as well as 
in Lead 1. 

Concerning inverted T AvaA’^es per se, the T wave in Lead I AAms inA’^erfecl 
fifty-one times; this abnormality appeared alone tAventy-four times, AA'ith an 
inA’^erted T wave in Lead H tAventy times, and AAutli inverted T Avaves in Leads 
n and HI seven times. An inverted T AvaAm in Lead III occurred in fifty-seven 
cases; alone thirty-six times, AAuth an inA'erted T Avave in Lead II fourteen times, 
and AAuth inverted T Avaves in both Leads I and II seven times, as noted pre- 
Aiously. None of the inverted T waves in Lead I alone ivas associated taiih 
abnormal Q ivaves in Lead T. Taa'o of the electrocardiograms Avith inA-erted T 
Avaves in Leads I and H had abnormally large Q AvaA^es in Lead III but not in 
Lead I or Lead 11. Neither of these tAvo patients had angina pectoris. Of the 
seven electrocardiograms Avith inverted T avra’cs in Leads I, II, and HI, 
had abnormal Q AA-aves. . Four had coronaiy type T AA-aves in Lead HI — 
inA^ersion of the T Avave Avith the RS-T junction at or above the isoelectric line. 
The RS-T junction in Lead 1 AA-as depressed in each* instance. None of these 
seA-^en patients had angina pectoris. PostoperatiA'c follow-up electrocardiograms 
of five of the seven patients shoAved improvement in tAA’o traeing.s, no change in 
tAA'o, and adA'erse change in one. Of the fourteen electrocardiograms AAuth in- 
verted T AA'aves in Leads II and III, only one had possibly abnormal Q AvaA’CS. 
The T AvaA-es in Lead I Avere normal in fiA’-e cases and Ioav (less than 1 mni.) 
but upright in the other nine. The RS-T junctions in Lead I were depre.s.secl in 
all. Of three patients AA'hose postoperative folloAA*-up electrocardiogram.s hnfl 
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Teiurned to normal, all had normally inverted T waves in Lead III. None of 
these fourteen patients had angina pectoris; however,' in two the question of a 
recent posterior myocardial infarct was raised. The most frequent form of RS-T 
segment was the one in which the T wave was upright and the RS-T segment 
was below the isoelectric line and was concave. This form represents 87.3 
per cent of the 150 Lead I’s, 86.0 per cent of the Lead II ’s, and 85.3 per cent 
of the Lead Ill’s. Lead III was the only lead to show a coronary type RS-T 
segment. Sixteen other forms of the RS-T segment occurred, but their fre- 
quency was insufficient to warrant emiihasis. 

Concerning abnormal Q waves per se, Q waves in Lead I were considered 
to be abnormally large on two occasions. In one, the Q wave was only 2 mm. in 
amplitude, but the maximal QRS deflection was only 10 millimeters. In the 
other, the Q wave Avas 2% mm., and the greatest QRS deflection was 13 milli- 
meters. The T waves in Lead I were normal in both. Neither patient had 
angina pectoris. The Q wave in Lead III was large on fourteen occasions 
(eleven patients). In three electrocardiograms it was in the form of QS. Small 
Q waves in Lead II (less than 2 mm.) were present in five of these fourteen 
cases. The T waves were inverted in Leads II and III in two of the cases. 
There were no Q waves in Lead II alone. 

The QT interval was prolonged above the predicted average normaR® in 
almost all of the otherAvise abnormal electrocardiograms and in many of the 
otherwise normal tracings (Table IV). 

Changes in the electrical axis occurred simultaneonsb’ with those in the 
T waves in Lead I. Usually the changes were in accord, that is, when the T 
wave in Lead I became more depressed, the axis shifted more to the left and 
vice versa. There were many exceptions, hoAvever, and the relatiA'^e change in 
each varied considerably in different cases. 

Changes in the P-R interval or the duration of the QRS complexes maj’’ 
have occurred although these intervals were not prolonged aboAm the range 
of normal in any record. 


CORRELATIONS 

In Table II the RS-T junctions in Lead I in 145 of the 150 electrocardio- 
grams Avere correlated Avith the RS-T junctions in Lead III. In only four elec- 
trocardiograms were the RS-T junctions above the isoelectric line in Lead I. In 
106 (73.1 per cent) the junctions were below the isoelectric line, and in 35 (24.1 
per cent) they Avere at that level. From these data it appeared that the depres- 
sion of the RS-T junction in Lead I was a relatively early and permanent change 

T’ARt.n ir. CORKCLA'i'ION OF RS-T JUNCTION IN LeAD I WlTII ES-T JUNCTION IN LUjVD III 


nusibur, of number or 

* ECO ’s 


ES-T, 

olevatcfl 

4 

ES-T, 

elevated 2 (50.0%) 
level 2 (50.0%) 

depressed o ( 0.0%) 

ES-T, 

level 

35 

RS-T, 

elevated 4 (11.4%) 
level 17 (48.6%) 

depre.sscd 14 (40.0%) 

ES-T, 

cieiii opsed 

106 

ES-T, 

elevated 44 (41.5%) 
level 40 (37.7%) 

depressed 22 (20.8%) 
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Table HI. CoRREii,\.TioN op T Wato in Le^vd I AVith KS-T Junctiox in Lead I 


NUSIBER OP 

EGG’S 

Tj 0 to 1 nim. 

23 

ES-T, 

+ 1 ( 4.0%) 

0 5 (20.0%) 

- 19 (76.0%) 

T, dipha'^ic or 
inverted 

49 

KS-T, 

-!- 0 ( 0.0%) 

0 1 ( 2.0%) 

- 48 (98.0%) 


in the electrocardiogram in hypertension. Electrocardiograms Avith the ES-T 
junction above the isoelectric line in Lead I Avere so feiv that a statistical analysis 
of the associated levels of the ES-T junction in Lead III Avas of little value. 
When the junction Avas at the isoelectric line in Lead I, it appeared beloAV' that 
level in Lead III four times as frequently as it did aboA^e it. By the time the 
RS-T junction Avas beloAV the isoelectric line in Lead I, the junction appcarecl 
above that level in Lead III tAA-iee as often as it did beloAv it. Prom these data, 
it appeared that elevation of the RS-T junction Avas the most, common change in 
Lead III. 

In Table III the RS-T junction in Lead I Avas correlated A\*ith the height of 
the T Avave in that lead. "Wlien the T AA'ave measured in height from zero to 
1 mm., the RS-T junction appeared above the isoelectric Line only once (4 per 
cent). By the time the T Avaves became diphasic or inAmrted, all but one (98 
per cent) of the RS-T segments appeared beloAv the isoelectric line, and none 
appeared aboA'e it. These data substantiate the’ permanency of the RS-T junc- 
tion depression and afford important information for the differential diagnosis 
betAveen the electrocardiogram in hypertension and that in coronary disease. 

The QT interA^al AA'as correlated AAith other findings in the electrocardiogram 
in Table IV. ]\Iany times the end point of the QT intei’val Avas not clear-cut, 
but it Avas possible to obtain rea.sonably accui’ate measurements in 138 records. 
The raea.sured QT interval Avgs compared Avith the predicted nonnal inteival 
and the range of normal. Vnien the QT interval Avas at the predicted normal 
or beloAv, SI. 3 per cent of the electrocardiograms v’ere normal olherAAdse, and 
AA'hen the QT interval Avas above the range of noi'mal 72.6 per cent Averc 
abnormal othenAdse. 

Table lY may be broken doAvn another Avay as folloAA’s: of the fifty-tAVO 
normal electrocardiogi-am.s, 2.5 per cent had QT intervals at or beloAV the pre- 
dicted normal, 30.8 per cent aboA'c the predicted uA'crage normal but AAdthin the 
range of normal, and 44.2 per cent definitely aboAm the normal range. Of the 
eightA'-six electrocardiograms Avhich aa'ci’c abnormal otherAvise, only 3.5 per cent 
had QT intervals AAdiieh AA'ere at or beloAV the predicted normal Avhile 25.6 per 

Tabi-e TA'. Correlation of the QT Interval AA^ith Other Changes in 




THE ELECTROCARDIOGRAJI 



THE QT INTERA'AL 

number 
OF FCG As 
(AIN) 

normal 

(-52) 

T CHANGK.S 
ONLT 

L.A.D. 

ONLY 

T cnANGK.S 
AND I..A.n. 

total C 
ABKCBM' 

(SS) 

1. Predicted nor- 
jnal or below* 

16 

13 f81.3%>) 
(23.09o) 

0 (0%) 

1 (0.2%) 

2 (12.57f) 


2. Above predicted 
normal but 
within normal 

38 

16 (42.1%) 
(.W.S%) 

S (21.0%) 

5 (13.2%) 

9 (23.7%) 

22 (37i. 
(SSf// 

range 

3. Above normal 
range 

S! 

23 f27.4%r) 

% ) 

23 (2'i..8%) 

18 (21.47c) 

IS (21.47c) 

61 (7--C/ 
(7d.S7 


•A.' determinoU by the prrdlctlon tabic of Aslunan and IIulI.’^ 


O’ ’ 
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cent liad QT intervals above the predicted normal but below the upper limit of 
normal, and 70.9 per cent bad QT intervals above the range of normal. 

Electrocardiographic changes were correlated with c.ye-gronnd findings in 
Table V. ' Criteria for grading the eye grounds were as follows : normal, no 
abnormal findings in the retina ; Grade 1, minimal caliber changes in the retinal 
arterioles ; Grade 2, caliber changes with arteriovenous nicking ; Grade 3, hemor- 
rhages and exudates ; Grade 4, changes as in Grade 3 plus papilledema. Elimi- 
nating one electrocardiogram in which the eye grounds were normal, there was 
a tendency for the electrocardiogram to become more abnormal as the eye 
grounds became worse. 


Table V. Correlation of Electrocardiographic Ciiange.s With the Eye-Ground 

Classification 


eye 

GROUNDS 

NUJIBER 

OF 

ECG’S 

NORMAL 

T changes 
ONLY 

L.A.D. 

ONLY 

T CHANGES 

AND L.A.D. 

TOTAL 
ABNORAIAL 
ECG ’S 

Normal 

1 

0 

(0%) 

1 (100%) 

0 (0%) 

0 (0%) 

1 (100%) 

Grade 1 

44 

23 

(52.3%) 

7 (15.9%) 

5 (11.3%) 

9 (20.5%) 

21 (47.7%) 

Grade 2 

29 

12 

(41.4%) 

9 (31.0%) 

3 (10.4%) 

5 (17.2%) 

17 (58.6%) 

Grade 3 

50 

12 

(24.0%) 

15 (30.0%) 

9 (18.0%) 

14 (28.0%) 

38 (76.0%) 

Grade 4 

26 

5 

(19.2%) 

9 (34.6%) 

7 (26.9%) 

5 (19.2%) 

21 (80.7%) 


In Table VI changes in the electrocardiogram were correlated with patho- 
logic findings in the renal biopsies. The biopsies were classified into five groups 
as follows : Grade 0, no abnormal findings seen ; Grade 1, slight amount of vas- 
eular change (predominantly arteriolar intimal hyalinization and arterial endo- 
thelial hyperplasia) ; Grade 2, slightly more vascular change than in Grade 1, 
and an occasional hyalinized glomerulus; Grade 3, severe vascular disease in 
every vessel with predominant medial arteriolar hypertrophy and manj’- hyalin- 
ized glomeruli; Grade 4, involvement of every vessel, scarring of many glomeruli 
and atrophy of surrounding tubules.^® There appeared to be no definite positive 
correlation between alterations in the electrocardiogram and pathologic changes 
in the Iddnej’’ except that, in the group with Grade 4 kidneys, the incidence of 
abnoririal tracings was distinctly greater than in the other groups. 

Correlations vdth the heart size were made in Table VII. The heart size in 
each instance was based on the roentgenologist’s opinion witli the addition of 


Table VI. Correlation of Electrocardiographic Changes With Renal Biopsies 


RENAL 

GRADE 

NUMBER 

OF 

ECG 'S 

NORMAL 

T CHANGES 
ONLY 

L.A.D. 

ONLY' 

T CHANGES 
AND L.A.D. 

TOTAL 
ABNORMAT. 
ECG ’S 

0 

8 

3 (37.5%) 

2 (25.0%) 

1 (12.5%) 

2 (25.0%) 

5 (62.5%) 

1 

20 

7 (35.0%), 

4 (20.0%) 

3 (15.0%) 

6 (30.0%) 

13 (65.0%) 

2 

29 

9 (31.0%) 

9 (31.0%) 

5 (17.2%) 

6 (20.7%) 

20 (68.9%) 

3 

36 

14 (38.9%) 

10 (27.8%) 

3 (8.3%) 

9 (25.0%) 

22 (61.1%) 

4 

20 

3 (15.0%) 

5 (25.0%) 

4 (20.0%) 

8 (40.0%) 

17 (85.0%) 

IYvble VII. 

CORREIATION 

OF ELECTROC.\RDIOGR.:VPnrC CHANGES WlTH HeART SiZE 




BY Teleroentgenograai 




NUM- 





TOTAL 

HEART 

BER OF 


T CHANGES 

L.A.D. 

T CHANGES 

ABNORilAIj 

SIZE 

EGG’S 

NORMAL 

ONLY" 

ONLY' 

AND L.A.D. 

ECG’S 


Normal 

47 

IS 

(38.3%) 

14 

(29.8%) 

7 

(14.9%) 

8 

(17.0%) 

29 

(61.9%) 

Rounded 

apex 

(other- 

\vise 

normal) 

32 

13 

(40.6%) 

6 

(18.75%) 

7 

(21.9%) 

6 

(18.75%) 

19 

(59.4%) 

Definiteh' 

enlarged 

58 

12 

(20.7%) 

IS 

(31.0%) 

10 

(17.3%) 

IS 

(31.0%) 

46 

(79.3%) 
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measurements. There were a few more abnormal electrocardiograms in the 
group with enlarged heaids than in the group with normal hearts hnt no strik- 
ing eori'elation was found. The T changes noted in the table relate to Lead 1, 
as already stated. 

Inverted and diphasic T waves in Lead II were also correlated with the 
lieart size, and 39.4 per cent of the patients with abnormal T waves in Lead 11 
were found to have hearts of normal size. 

The electrocardiographic changes were correlated with the symptoms of 
chest pain and dyspnea in Table VIII. In the group in Avhich the patients com- 
plained of dyspnea only, the number of abnormal electrocardiograms was not 
significantly greater than in the group -without dyspnea. This was not tnie of 
the group with chest pain — ^by the time patients complained of chest pain, the 
electrocardiogram was abnormal in each instance. Abnormal T waves appeared 
in Lead I or II in 91.7 per cent of the cases. It so happened that none of the 
patients complaining of chest pain had abnormal Q waves or diphasic or in- 
verted T waves in Leads I, II, and III, or in Leads II and III. 

Table VIII. Electrocardiographic Changes Correlated AVith Chest P^un and Dyspnea 


SYMP- 

TOMS 

num- 
ber op 
ecg’s 

NORMAL 

T CHANGES 
ONLY 

L.A.D. 

ONIjY 

T CHANGES 
and L.A.D. 

TOTAL 

ABNORMAL 

EGG’S 

Dyspnea 

50 

16 

(32.0%) 

14 (28.0%) 

8 (16.0%) 

12 (24.0%) 

34 (68.0%) 

Pain 

11 

0 

(0%) 

6 (54.6%) 

1 (9.0%) 

4 (36.4%) 

11 (100%) 

Dyspnea 
and pain 

1 

0 

(0%) 

0 (0%) 

0 (0%) 

1 (100%) 

1 (100%) 

Xo dysp- 
nea or 
pain 

87 

36 

(41.4%) 

21 (24.1%) 

15 (17.3%) 

15 (17.3%) 

51 (58.6%) 


In Table IX, electrocardiographic changes were correlated Avith the Imowi 
duration of hypertension, and there appeared to be no definite relationship. 

Table IX, Correlation op Electrocardiographic Changes AVith the Known 

Duration op Hypertension 


YEARS 

DURA- 

TION 

NUM- 
BER OP 
ECG ’S 

NORMAL 

T CHANGES 
ONLY 

L.A.D. 

ONLY 

T CHANGES 
AND L.A.D. 

TOTAL 

ABNORilAL 

ECO’S 

1 

36 

10 (27.8%) 

12 (33.3%) 

4 (11.1%) 

10 (27.8%) 

26 (72.2%) 

2 

19 

7 (36.8%) 

6 (31.6%) 

3 (15.8%) 

3 (15.8%) 

12 '(63.2%) 

3 

14 

5 (35.7%) 

2 (14.3%) 

3 (21.4%) 

4 (28.6%) 

9 (04.3%) 

4 

16 

7 (43.8%) 

2 (12.5%) 

5 (31.2%) 

2 (12.5%) 

9 (56,2%) 

5 

28 

9 (32.1%) 

11 (.39.3%) 

3 (10.7%) 

5 (17,9%) 

19 (67.9%) 

10 

23 

11 (47.8%) 

5 (21.7%) 

4 (17.4%) 

3 (13.1%) 

12 (52.2%) 

15 

4 

3 (75.0%) 

0 (0%) 

0 (0%) 

1 (25.0%) 

1 (25.0%) 

20 

7 

0 (0%) 

3 (42.8%) 

2 (28.0%) 

2 (28.6%) 

7 (100%) 

25 

1 

0 (0%) 

0 (0%) 

0 (0%) 

1 (100%) 

1 (100%>) 


In Table X, electrocardiographic changes were correlated Avith the diastolic 
blood pressure on admission and no definite positive relationship Avas observed. 


Table X. CoRREr,ATioN of Electrocardiographic CmvNGEs A\’'itii the Diastolic 

Blood Pressure on ADiiissiON 


DUS- 

TOLIC 

PRES- 

SURE 

NUM- 
BER OF 
EGG’S 

NORMAL 

T CHANGES 
ONLY 

L.A.D. 

ONLY 

T CHANGES 
AND L.A.D. 

total 
abnormal 
ECG 'S 

90 or 
below 

91 to 120 
121 to 

140 

Over 140 

3 

53 

01 

31 

2 (66.7%) 

19 (35.8%) 

19 (31.1%) 

12 (38.7%) 

1 (33.3%) 

11 (20.8%) 

10 (26.29'o) 

12 (38,7%) 

0 (0%) 

10 (18.9%) 

10 (16.4%!) 

4 (12.9%) 

0 (0%) 

13 (24.5%) 
10 (20.2%) 

3 (9.7%) 

1 (33.3%) 

34 (01.2%) 
42 (OS.8%) 

19 (0I.3'?y. 
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In. Table XI, electrocardiograpMc changes were correlated with the body 
build. This table is of interest in that nine (60 per cent) of the fifteen thin 
patients had T-wave changes without abnormal axis deviation, one (6.7 per cent) 
had T-wave changes and left axis de\dation, five (33.3 per cent) had normal 
electrocardiograms, and none had left axis deviation vdthout T-wave changes. 
In the short and fat or stocky groups, only five (19.2 per cent) had T-wave 
changes alone while nine (34.6 per cent) had axis and T-wave changes and five 
(19.2 per cent) had left axis deviation alone. Some of the patients who were 
described as stockj’- or short and fat were basically of thin build — ^the midclavicu- 
lar line of one patient labelled as short and stocky was only 6.5 centimeters 
from the midsternum. This partially explains why some of these patients had 
T-wave changes -svithout axis change. 


Table XI. Correlatiox of ELECTROCARDioGRAPnic Ciiangf.s With the Body Build 



NUM- 





TOTAL 

BODY 

BER OF 


T CHANGES 

L.A.D. 

T CHANGES 

ABNORMAL 

BUILD 

egg’s 

NORMAL 

ONLY 

ONLY 

AND L.A.D. 

EGG’S 

Thin 

15 

5 (33.3%) 

9 (60.0%) 

0 (%) 

1 (6.7%) 

10 (66.7%) 

Average 

109 

40 (36.7%) 

27 (24.8%) 

19 (17.4%) 

23 (21.1%) 

69 (63.3%) 

Short 

26 

7 (26.9%) 

5 (19.2%) 

5 (19.2%) 

9 (34.6%) 

19 (73.1%) 

and fat 
or 

stoclty 








DISCUSSION 

It is unlikely though remotely possible that the earliest change in the electro- 
cardiogi’am in hypertension is an elevation of the RS-T segment in Lead I, as 
described by Robb and Robb.^^ If this occurred in our series it must have been 
early and transient since in only six of the 150 electrocardiograms were the 
RS-T junctions found above the isoelectric line. The depression of the RS-T 
segment in Lead III in certain cases of hypertension could not with certainty 
be explained by strain on various muscle bundles as described by Robb and 
Robb; however, some such strain is probably the cause. Those workers found a 
depression of the RS-T segments in all three leads follovnng a sudden rise in the 
pressure in the right ventricle in experimental animals, and it is possible that 
an acute rise in the pressui'e in the left ventricle may also produce similar 
changes. All of our patients with depressed RS-T segments in all leads had 
diastolic blood pressures beLveen 130 and 160 mm. Hg except one, and this ■ 
patient had a diastolic pressure of 115 mm. of mercuiy. 

Lengthening of the QT interval has been previously descrilied as an early 
manifestation of hj'pertension^® ; it may well be associated with enlargement — 
a stretching and hypertrophy of the muscle fibers. 

As stated before, electrocardiographic alterations in hj-per tension have 
been mentioned many tunes.^'^^ Inversion of the T wave in Lead I and axis 
changes have been usually stressed. Rykert and Hepburn^® presented an earh* 
and important paper calling attention to the fact that inversion of the T wave 
in Lead I can result from hypertension alone without coronarj* heart disease 
per se. Only rarely have changes in the T waves in Leads 11 and HI, or I, II. 
and III been mentioned, however, and never have they been stressed. Depres- 
sion of the RS-T segment in Lead III has not been described. "Willius reported 
130 cases in which there was negativity of the T waves due to any cause and 
upon which autopsies were performed. Fifty-four of the patients had hyper- 
tensive heart disease. Electrocardiograms of thirteen (25 per cent) of these 
patients showed inveiied T waves in Leads 1, 11, and III, and five (9.6 per cent) 
showed inverted T wwcs in Leads II and III. Ninety-two per cent of all patients 
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with negative T waves in Leads I, II, and III from any cause showed 1 to 4 plus 
sclerosis of the coronary vessels and 69 per cent of those with inverted T waves 
in Leads II and III showed coronary sclerosis. Barnes and ’Whitten," report- 
ing on 117 patients with significant T wave changes, upon whom necropsies were 
performed, mentioned that 7 per cent showed inversion of the T waves in Leads 
II and III, and 9.4 per cent showed inversion in Leads I, II, and III.- They 
stated that when inversion of T -waves occurred in Leads II and III, one should 
su-speet some condition causing an overload on the right ventricle or a posterior 
myocardial infarction. Kaplan and Katz^® stated that ten of fiftj^-two records 
%vith axis deviation and T-wave changes differed from the classical pattern in 
that the T wave in Lead III was inverted. Some of the hooks on electrocardiog- 
raphy,’®’ have stressed the changes in the T wave in Lead I but not those 
in II and III. Several of the eleetrocai'diograms in hj^pertension presented hy 
Katz’” had abnormal T waves in the three standard leads, and one showed strik- 
ing depression of the RS-T segments and T waves in the three leads. 

It is not difficult to visualize why inversion of the T waves occurs in Leads 
II and III or later in Leads I, II, and III in patients who have normally inverted 
T waves in Lead HI when marked changes occur in Lead I and little or no 
changes occur in Lead HI or -when there is depression of the RS-T segments in 
Lead III, as well as in Leads I and 11. The facts that they may occur in the 
electrocardiograms of young people who are not suspected of having coronary 
disease and do not have angina pectoris, that they are not associated with 
abnormal Q waves, and that the electrocardiogram may return to normal with 
a normally inverted T wmve in Lead III following sympathectomy lend sup- 
port to the theory that changes in the T wave.s in Leads II and III alone, or in 
combination wdth changes in the T wave in Lead I,”“ may be caused by hyper- 
tension, per se, without coronary disease or superimposed right ventricular 
strain ; heart position related to body build is undoubtedly an important factor 
in these cases as it is in the eases to be mentioned. 

Superimposed I’ight ventricular strain has held an important place in the 
explanation of T--wave changes A\'ithout left axis deviation. A few investigators, 
especially 'Wilson et al.,®’ *’ have emphasized the role that position of the heart 
wdthin the thorax plays in this picture. Special emphasis on alterations of the 
T wave in Lead H -with changes in the position of the body have been reported 
several times.^-’ Knowing that body build greatly influenced the position of 
the heai’t -within the thorax we correlated electrocardiographic changes with 
the body build. Since T'-wra’c and axis changes occur in the electrocardiogram 
in hypertension, it is logical to assume that a vertically placed heart or one so 
rotated that the electrical potential of the left ventricle is transmitted to the 
left leg would develop abnormal T waves l^efore it -would left axis deviation 
and that in a transversely placed heart or one so rotated that the potential of 
the left ventricle is transmitted to the left arm, left axis deviation without 
abnormal T -waves is likely to occur. These assumptions were quite -svcll sup- 
ported by’ our data. Of fifteen patients, Avho were of thin build, nine (60 per cent) 
showed T changes only, one sho-wed abnormal T waves and left axis deviation, 
and none showed left axis deviation -without abnormal T waves. Of twenty- 
six patients, w'ho -were short and fat, or stocky, five (19.2 per cent) had left 
axis de-\iation -without abnormal T waves, nine (34.6 per cent) had left axis 
deviation and abnormal T -waves, and five (19.2 per cent) had abnormal i 
waves without left a.xis deviation. T-wave abnormalities without left axi'5 
deviation may be accounted for in several ways: (1) a tendency for T wa^e.s 
to become markedly altered before significant axis changes appear in certain 
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individuals when there are sudden rises in intraventricular pressure; (2) 
rotation of the heart in some stocky persons so that the electrical potential of 
the left ventricle is transmitted to the left leg; and (3) misinterpretation of 
body build. Some patients who are short and fat and appear to be stocky are 
fundamentally of thin build as to thorax. The midclavieular line of one of our 
patients who was placed in this group was only 6.5 cm. from the midsternum. 

We believe that T-wave changes in the absence of coronary heart disease 
are dependent mainly upon four variables, at least two of which interfere "svith 
the normal function of the heart, including conduction: (1) dilatation, (2) 
hypertrophy or increased muscle mass without compensatory increase in the 
vascular bed, (3) increased work with subsequent rise in myocardial metabo- 
lism, and (4) rotation of the heart on its longitudinal or transverse axis. 
Slight to moderate changes in heart rate affect the T waves only a little but 
marked changes in rate, such as that which occurs in paroxysmal tachycardia, 
may alter them considerably, causing their depression during faster rates. 

That T-wave changes are not necessarily due to coronary heart disease is 
partially confirmed by the fact that when the heart is relieved of '‘strain” by 
a decrease in the blood pressure, such as frequently happens following sym- 
pathectomy, the T waves may return to normal. The “strain” on the heart 
is relieved so that myocardial metabolism is lowered and dilatation is lessened. 
Probably the position of the heart is also altered to some extent. 

Other investigators have commented on the lack of definite positive cor- 
relation between the heart size and the electrocardiographic changes."’ 

Our data showed that the incidence of abnormal electrocardiograms was 
slightly greater in the group with enlarged hearts than in the one with hearts 
of normal size. Sehnur^® found the heart to be enlarged in every case in liis 
series in which the T wave was inverted in Lead II, but it was not uncommon 
in our series to find inverted T waves in Lead 11 associated with hearts of 
normal size by teleroentgenogram (39.4 per cent of the patients with inverted 
T waves in Lead 11 had hearts of normal size) . It is, however, difficult or im- 
possible to recognize slight, or indeed even moderate, cardiac enlargement in 
many cases by roentgen-ray examination, particularly when there is very little 
dilatation; it is quite possible that in some cases, at least, the electrocardio- 
gram is a more sensitive index of enlargement of the heart than is the 
roentgenogram. 

A trend toward a positive correlation between the electrocardiographic 
changes and the degree of retinal changes was noted by Roesler and co-workers.^- 
In our series, the electrocardiogram tended to become more abnonnal as the 
eye grounds became worse. 

The diastolic pressure on admission to the hospital is notorious!}’- an in- 
accurate measurement of the individual’s usual blood pressure, since it de- 
pends so much on many variables, such as the general condition of the patient, 
the attitude and acuity of hearing of the examiner, and the position of the 
patient. However, it does give some information as to what height the blood 
pressure may rise, hence it was correlated with electrocardiographic changes 
in our cases. No definite positive correlations could be found between the two. 

Almost the same statement is true with respect to the correlation between 
the IcnovTi duration of the hypertension and electrocardiographic findings. It 
is a well-lmown fact that the stated duration of hj'pertension is a poor esti- 
mate of the actual duration and gives no information as to the strain on 
the heart. 
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Dyspnea and chest pain may be misleading since they can be due to con- 
ditions other than myocardial and coronary insufficiency ; however, there was 
a striking correlation between chest pain and changes in the electrocardio- 
gram. Of the twelve patients who complained of chest pain, all but one had 
abnormal T waves in Lead I. Peculiarly, there Avere no abnormal Q Avaves. 
conduction defects, or abnormal T wares in Leads 11 and IH among these 
‘cases. 

SUMAIARY AND CONCLUSIONS (a. THE LIMB LEADS) 

1. Two hundred nine consecutiAm patients, upon Avhom dorsolumbar sj’m- 
pathectomies were performed bj’- E. H. SmithAvick at the Massachusetts General 
Hospital, were selected for study. One hundred fifty electrocardiograms on 
132 patients Avere suitable for analysis. The patients’ ages varied from 22 to 
58 years, Avith an average age of 40 years. The knoAim duration of hyper- 
tension ranged from tAvo months to tAventy-four years. Eye groiuids and 
renal biopsies Amried from normal to Grade 4. Hearts Avere normal to large 
by teleroentgenogram. The diastolic blood pressure on admission varied from 
88 to 180 mm. of mercury. 

2. Correlations were made betiveen electrocardiographic changes in the 
limb leads and (a) the knoAvn duration of hypertension, (b) the height of the 
diastolic pressure on admission, (e) the heart size by teleroentgenogram, (d) 
symptoms (chest pain and dyspnea), (e) eye-ground findings, and (f) patho- 
logic changes in the kidneys found in biopsy material. 

3. Gross analysis of the electrocardiogi*ams revealed that 34.7 per cent 
Avere Avithin the range of normal, 27.3 per cent showed abnormal T Avaves 
only (less than 1 mm. in height in Lead I), 16 per cent shoAved left a.vis 
dcAuation only (zero or minus according to Einthoven’s triangle), and 22 per 
cent shoAved left axis deviation plus abnormal T Avaves. 

4. Early electrocardiographic changes consisted of depression of the KS-T 
junction and segment in Lead I, loAvering of the T Avave in Lead I, and length- 
ening of the QT intei'Aml. 

5. Axis changes occurred simultaneously Avith T-Avave changes in Lead I 
but Avere variable. Sometimes considerable axis change occurred Avhile only 
slight T-Avave alterations appeared and vice versa. 

6. Concomitant Avith changes in the T-ivave in Lead I, the most frequent 
change in Lead III Avas an elcAmtion of the ES-T segment. 

7. Many times the relathm changes in Lead HI Avere slight and sometimes 
the ES-T segment in Lead HI, as Avell as that in Lead I, Avas depressed. 

8. In the electrocardiograms in Avhich the T Avaves Avere normally inverted 
in Lead HI, inversion of the T Aimves first appeared in Leads H and IH and 
later in Leads I, H, and III Avhen there Aims considerable change in Lead I 
Anth only slight change in Lead III or Aidien the ES-T segment Avas depressed in 
Lead III as well as Lead I. 


9. In the electrocardiograms in which the T Avaves in Lead III Avere nor- 
mally inverted, coronary ty’-pe T AimA^es appeared in the cases in Avhich the la'd 
portion of the ES-T segment and the fii’st portion of the T Avave became elevated. 

10. Changes in the ES-T segments in Leads H and IH are important since 
they have not been stressed and they frequently have been misinterpreted 
changes due to coronary disease. 

11. Electrocardiograms tended to become more abnormal as eye-ground 
ebanges became Avorse. 
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12. There was no definite positive correlation between changes in the 
electrocardiogram and those in the renal biopsy material; however, the inci- 
dence of abnormal electrocardiograms was distinctly gi-eater in the group with 
Grade 4 renal biopsies than in the other groups. 

13. The incidence of abnormal electrocardiograms was only slightly 
greater in the group vdth obviously enlarged hearts by roentgen-ray examina- 
tion than in the one with “normal” sized hearts. 

14. The T wave in Lead II may be inverted in hearts of “normal” size. 

15. By the time patients complained of pain in the chest, the T waves in 
Lead I had become abnormal in 91.7 per cent. 

16. No positive eopelation appeared between dyspnea and electrocardio- 
graphic changes. 

17. No definite positive correlation was found between electrocardio- 
graphic alterations and the laiown duration of hypertension or the diastolic 
blood pressure on admission to the hospital. 

B. The Precordial Leads 

Smithwick’s preoperative studies have provided us with excellent material 
for the analysis of the preeordial leads in liypertension. We have been taking 
preeordial Leads CPo, CP4, and CP5 routinely, according to the standards 
established by the American Heart Association, on aU hjqiertensive patients who 
'are seen for consideration of lumbodorsal sympathectomy. The CF leads are 
those in which the preeordial electrode is paired with an indifferent electrode 
attached to the left leg, and the positions on the chest are as follows: in 
taking Lead CP2, the preeordial electrode is placed in the fourth intercostal 
space just to the left of the sternum ; in taking Lead CF^ it is placed in the 
fifth intercostal space at the midclavieular line ; and in taking Lead CF5 it is 
placed in the fifth intercostal space at the anterior axillary line (or in the 
sixth space if the cardiac apex is located in that space). These three preeordial 
leads have been selected for routine use at the IMassachusetts General Hospital 
because they have been found clinically useful and practicable more often than 
other combinations. 

The present study includes one hundred such electrocardiograms of one 
hundred cases, for the most part taken consecutively except for the omission 
of those cases in which digitalis had been given. The ages of the patients 
varied from 17 to 66 years, averaging 42.4 years, with the distribution of age 
groups as follows : 45 per cent between 40 and 50 years ; 22 per cent between 
30 and 40 years; 19 per cent between 50 and 60 years ; 9 per cent between 20 
and 30 years ; 3 per cent between 60 and 70 years ; and 2 per cent under 20 
years. This group is probably quite representative of hypertensive patients, 
but it must be remembered that they are somewhat selected patients since a 
great deal of work was often done before admission to determine whether 
they were suitable candidates for operation. 

The duration of hypertension was known with reasonable certainty in 
only seventy-three of the one hundred cases. In these it had been present for 
from four months to twenty years with an average duration of 5.6 years. The 
systolic and diastolic pressures of the individual patients varied so widely 
that an accurate average was difficult to obtain. In some eases only one or 
two admission readings were available; in other cases an average of several 
readings, some of which were taken after the patient had been at rest in bed 
for several days, often failed to indicate the severity of the hypertension. 
However, taking the best average reading obtainable for each patient, we 
found the diastolic blood pressure 100 mm. or more in ninety-seven cases and 
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the systolic pressure 160 mm. or more in ninety-eight cases, the upper limits 
being 270 systolic and 160 diastolic. Eye-groimd changes and renal biopsies 
varied from normal to Grade 4 according to the system of grading described 
previously in this paper. Heart size as determined by x-ray examination 
ranged from normal through hearts which had a slightly prominent or rounded 
ventricle to hearts which showed definite enlargement by measurement. 

The work of Deeds and Barnes^® who studied the precordial leads in 110 
normal adults bet^veen the ages of 21 and 33 years and that of Shanno^^ who 
analyzed them in one hundred normal student nurses have been utilized to 
give some control standards for comparison, and their average values are 
recorded with ours in Table XII. Their WF lead is not always comparable to 
our Lead CF^ but was included since a great number of the hearts in our 
series were not enlarged, and Lead Unf and Lead CF^ would then coincide. 

QRS WAVES IN THE PRECORDL\L LEADS OF THE ENTIRE SERIES 

In our series of one hundred eases the voltage of the QES complexes 
varied a great deal, and an accurate average was impossible to obtain be- 
cause the string went off the film often wdieu the voltage was high. How- 
ever, when exact measurements 'were possible, as they were in the great ma- 
jority of eases, the average height of the E wave in Lead CF. was 4.1 mm., in 
Lead CF4 14.8 mm., and in Lead CF^ 15.2 millimeters. In four cases the E 
wave was absent in Lead OF,, and in one ease it was absent in Leads CFj, CF4, 
and CFg so that the tracing suggested the presence of an old anterior myo- 
cardial infarction although there was no history of one. These figures can be 
compared with those of Deeds and Barnes^® whose findings were as follows: 
the average amplitude of the E wave in Lead CFj was 8.4 mm. in males and 
4.6 mm. in females; in Lead IVF it wms 11.8 mm. in males and 7.5 mm. in 
females ; and in Lead CFn it was 16.4 mm. in males and 12 mm. in females. In 
Shanno ’s series^’^ it was 4 to 7 mm. in Lead CF,, 4 to 8 mm. in Lead iVF, and 
slightly more than the average of Lead XVF in Lead CF^. The average ampli- 
tude of the S wave in our series was 20.6 mm. in Lead CF,, 9.3 mm. in Lead 
OF4 and 2.3 mm. in Lead CF5. These findings can be compared -with those of 
Deeds and Barnes and of Shanno which were as follows ; Deeds and Barnes 
gave the average amplitude of the S wave in Lead CP, as 25.4 mm. in males and 
24.5 mm. in females, in Lead IVF as 14.5 mm. in both males and females, and in 
Lead CP5 as 7 mm, in males and 7.4 mm. in females; Shanno obtained an 
average amplitude of 19 to 22 mm. in Lead CP,, 0 to 23 mm. in Lead IVP, and 
slightly less than that in Lead CF5. 

"We considered any voltage of the E wnve or the S wave of 25 mm. as 
borderline, and any of 25 to 30 mm. or over as high. The duration of the QES 
complexes varied from 0.07 to 0.11 second with the greatest number measuring 
0.08 second. 

The ES-T segment in Lead CP, was elevated in seventy-seven instances; the 
deviation from the base line varied from 0.5 to 3.5 millimeters. The ES-T seg- 
ment in Lead CF4 was elevated only fifteen times, the deviation varying from 
0.5 to 1.5 millimeters. The ES-T segment in Lead CP5 was depressed from 0.5 
to 2.5 mm. in twenty-one instances. 

T WAVi:S IN TEGE ENTIRE SERIES 

The average height of the T waves in Lead CP, -jvas 5.02 millimeters. This 
figure is very close to the average amplitude of the normals of Deeds and 
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Barnes %vho found it 4.3 mm. in females and of Shanno Avho found it from 1 to 
4 millimeters. However, the average amplitude of the T waves in Lead CFn 
in Deeds and Baimes’ series of 50 males was 7.1 mm., the maximal T wave 
being 15.5 mm. and the minimal T wave 3 mm. The highest in our series was 
11 mm., and it seemed to us from our studj* that any T wave 7 mm. or more 
in amplitude might be called relatively high. The lowest T wave in Lead CPo 
in our series was 1 mm. in height. 

The average amplitude of the positive' T waves in Lead CP4 was 3.84 
millimeters. This average is in accord with the average of 2 to 4 mm. whieli 
Shanno found in Lead WP but lower than the 7 mm. in fifty males and 
the 5.4 mm. in fifty females which Deeds and Barnes foimd. The highest in 
our series was 8 mm. as compared to a maximal T wave of 14.3 mm. in Deeds 
and Barnes’ series of fifty males, 9.3 mm. in their series of fifty females, and 
7 mm. in Shanno ’s series. In this lead also we recorded any T wave which Avas 
7 mm. or more in amplitude as relatively high. 

The average amplitude of the posithm T Avaves in Lead CP 5 Avas 2.25 
millimeters. This average is again in agreement Avnth the findings of Shanno 
AA^ho gives the average amplitude in this lead as 1 to 4 mm.; and again the 
figures of Deeds and Barnes are higher, being 5.4 and 4.7 mm. for males and 
females, respectively, AAdth maximal T aa^a^cs of 12 and 8.9 millimeters. The 
highest T AA’aAm in our series Avas 4 mm., and again the figures of Deeds and 
Barnes are higher, being 5.4 and 4.7 mm. for males and females, respeethmly, 
Avith maximal T AAmves of 12 and 8.9 millimeters. We considei'ed any T AA^ave 
Avhich Avas only 1 mm. in amplitiide as borderline and any Avhich Avas less 
than 1 mm. definitely abnormal, 

NORMAL T AALA.VES 

Fifty of our one hundred precordial electrocardiograms Avere AAdthin normal 
limits as to T AAmves, but because of the presence of some changes AAdiich Ave 
thought notcAvorth}^ Ave subdiAuded the group as folloAvs: in thirty-four cases 
the T AvaAms Avere normal and the precordial leads probably Avithin normal limits. 
In tAA'elve eases we found no distinct T-AA’ave abnormalities but noted that the 
amplitude of the T Avave in Lead CFj aa^s relatively high, and in four cases there 
Avas an unusually high T aauvc in Leads CP, and CP4. Eight of the eases AAutli 
no T-Avave changes, four of the tAvelve cases shoAving relatively high T waves in 
Lead CPo, and three of the four cases shoAAung relatiAmly high T Avaves in both 
Leads CPo and CP4 had in addition rather high Amltage of the QRS complexes 
in one or more of the three precordial leads. 

Fortj'-onc of the fifty eases AA-ith normal precordial leads also shoAA'cd normal 
limb leads e.xcept for left axis dcA'iation AA'hich appeared in lAventy-one eases. 
Subdh’iding these as aa’c have already mentioned avc found the folloAA'ing: in 
tAvent3'-ninc of the thirtA'-four cases shoAving jiormal precordial leads as to T 
AvaA’cs, the limb leads aa-ciu normal except for left axis deviation AA'hich occurred 
in seventeen eases; ten of the tAvelve cases shoAA'ing unusualh' high T aa-ra^cs in 
Lead CPo had normal limb lead.s except for left axi.s dcA'iation in three, and tAvo 
of the four cases shoAving unu.sualh' high T aa-ra'Cs in Leads CPo and CP4 had 
normal limb leads except for left axis deviation in one. In Fig. 1 there is an 
electrocardiogram representative of this group of normal precordial leads in 
hj'pertensivc patients; it sIioaa's no T-aa-ua'c abnoimalities. 
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ABNORiLAL T WAVES 

In fifty of our one hundred« eases we found some definite abnormalities in 
. tlie preeordial T waves. In thirteen eases T-wave ehanges (ineluding low 
T in eight, diphasic T in one, and inverted T in four cases) occurred only in 
Lead CF5 ; in three of these cases there was also unusually high voltage of the 
QRS complexes in one or more leads. In ten cases there were T-wave changes 
in both Lead OF„ and Lead CF5 as follows: very high T in Lead OF. with low 
T in Lead CF^ in three cases; very high T in Lead OF. with inverted T in 
Lead CF^ in six cases ; and a low T wave in Lead OF. with an inverted T wave 
in Lead GFg in one ease. In one instance there was a rather high T wave in 
Lead CF^ vdth a low T wave in Lead CF5, and in one there was a relatively high 


Fip. 1. — H. V., a -woman, aged 52 years. Electrocardiogram taken March 22, 
pressure, 200/100. Noi-mal record (both limb and j>recordial leads). 


19-14 ; blood 



T wave in Leads OF. and CF4 vutli borderline low T in Lead OF 5. Thus, there 
were important T-wave changes in Lead GF^ in twenty-five of our fifty abnormal 
precordial leads, and in seventeen of these 'twenty-five the limb leads were also 
abnormal. In fact, as wns to be expected, the T wave in Lead GP5 often resem- 
bled that in Lead I. Figs. 3 , 4 , and 5 show electrocardiograms which are charac- 
teristic of some of the ones seen in this group; the T wave in Lead GP., is 
inverted. 

In fifteen of the one hundred cases there were changes in the T waves in 
both Leads GP4 and GF^ as follows: inverted T in Leads* GP4 and GP^ in 
eleven eases ; lo%v T in Lead GP4 and inverted T in Lead GF5 in two cases ; and 
inverted T in Lead GP^ and loiv T in Lead CP5 in twm cases. In thirteen of 
these fifteen cases the limb leads were abnormal. In ten eases there were 
changes in Lead GP. in addition to the abnormalities of the T waves in Leads 
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CF4 and CFs as follows : four cases showed very high T waves in Lead CF, 
and inverted T waves in Leads CF^ and CF5 ; one showed low T waves in Leads 
CFj, CF4, and CFg; three showed very high T waves in Lead CP,, Ioav or 
diphasic T waves in Lead CP4, and inverted T waves in Lead CF5; and one 
showed low T waves in Lead CF, and inverted T waves in Leads CP4 and CP5. 
Six of the ten eases had, in addition to T-wave abnormalities, very high voltage 
of the QRS complexes in one or more leads. Nine of the ten had abnormal limb 
leads, eight with abnormal and T,, and one with only a borderline low Tj. 



Fig. 2. — ^3.1. N-, a -womati, aged oC years. Electrocardiogram taken Nov. 27. 1944 ; Wood 
pressure, 190/110. Electrocardiogram showing slight depression of S-T segments in Lead I 
and low T •naves in the limh leads and in Leads CFx and CFs. 

Thus, in twenty-five of our one hundred eases there were important T-wave 
abnormalities in Leads CP4 and CPo. This group is represented by the electro- 
cardiogram shoivn in Pig. 6 which has inverted T ivaves in Leads CF4 and CP5. 
In Pig. 5 there is presented a tracing which is characteri.stie of those seen in 
moderately advanced hypertensive heart disease and in Pig. 6 a tracing .such 
as is seen in far-advanced cases. 


CORRELATIONS 

In Table XIII the T-wave changes in the precordial leads are correlated 
with the height of the diastolic blood pre.ssure. In general it may be said that 
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Table nttt, t-Wave Changes in the Precordial Leads Correlated With 

Diastolic Blood Pressures 


dias- 

tolic 

B.P. 

NUM- ’ 

ber 

op 

ECG 'S 

j NORMAI^ PRECORDIAL LEADS 
T-YTAVE changes 

ABNORMAL PRECORDUL LEADS 
T-IVAVE -CHANGES 

TOTAL 

ABNOR- 

MAL 

NONE 1 

IN CF. 

IN CPs i 
AND CPi 

IN CPs 

IN CP^ 
AND CPs 

Wm 

IN GP„ 
AND CP 5 

91-120 

47 

IS 

7 

2 

8 

6 

4 

2 

20 



(38.3%) 

(14.9%) 

(4.2%) 

(17%) 

( 12 . 8 %) 

(8.5%) 

(4.2%) 

(42.5%) 

121-140 

44 

15 

3 

1 

7 

11 

3 

4 

25 



(3-4.1%) 

( 6 . 8 %) 

( 2 . 2 %) 

(15.9%) 

(25%) 

( 6 . 8 %) 

(9.1%) 

1 (56.8%) 

Over 

9 

1 ! 

1 

0 

0 

0 

3 ! 

4 

7 

140 


1 ( 11 . 1 %) 

( 11 . 1 %) 

( 0 %) ! 

( 0 %) ! 

( 0 %) 

(33.3%) 

(44.4%) 

(77.7%) 



slightly inverted T waves in Leads I 11 and ol?, ^gments m I^ads I and CPs, 

and inverted U waves in CPs. ’ ■^’ ^ D waves in Leads CPo and CP<, 


the perceutage of abnormal precordial leads is greater in the groups ivhic 
lave the lughest diastolic blood pressures. 

fist 

-ith .,.0 ..an siao. L.::;!.: ..nrtt .tt 
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TaBLK XV. ConRELATIOK OF T-WaVE CHANGES IN THE PrECOIUHAL LeABS 
, With the Heaet Size 



NUH- 

BER 

NORilAL PKECORDIAL LEADS 

1 T-WAVE changes 

abnorm.u:i precordial leads 
t-wave changes 

TOTAL 

ABNOR- 

MAL 

SIZE 

OF 

EGG’S 

NONE 

IN CFj 

IN 

CP-. 4 

IN CFs 


IN 

CF,. 5 


Xormal 

28 

18 

(64.3%) 

2 

(7.1%) 

1 

(3.6%) 

6 

(21.4%) 

t 0 ■ 

1 

(3.6%) 

0 

7 

(25%) 

25 

Promi- 

41 i 

9 

6 

1 

8 

0 

9 

2 

Dcnee of 
left ven- 
tricle or 
rounded 
apex 


(22%) 

(14.6%) 

(2.4%) 

(19.5%) 

(14.6%) 

(22%) 

(4.9%) 

(60.97o) 

Enlarged 

j 

20 

5 

(25%) 

2 

(10%) 

0 

1 

(5%) 

3 

(15%) 


5 

(25%) 

13 

(05%) 


Tabee XVI. Correlation’ OF T-Wave Changes in Pkecordial Leai).s With 
Eye-Ground Classification 


EYE 

GROUNDS 

NUM- 

BER 

OF 

ECG ’S 

NORMAL PRECOPJ)L\L LEADS 
T-WAVE CH.^NOES 

ABNORMAL PRECORDIAL lEADS 
T-WAVE changes 

TOTAL 

ABNOK- 

M.\L 

LEADS 

NONE 

IN CF- 

■91 

■31 

IN CPs 


IN CF,. 5 


X 


8 

1 

0 

2 

0 

3 

1 

6 


27 1 

(53.3%) 

(6.7%) i 


(13.3%) 


(20.0%) 

(6.7%) 

(40.07o) 

1 


8 

G 1 

0 

2 

5 

6 

0 

13 



(29.6%) 

(22.2%) 


(7.4%) 

(18.5%) 

(22.2%) 


(48.1%) 

^ 1 

26 

5 

1 

2 

3 

4 

9 

2 

18 



(19.2%) 

(3.8%) 

(7.7%) 

(11.5%) 

(15.4%) 

(34.6%) 

(7.7%) 

(09.2%) 

3 


6 

1 

1 

1 

1 

0 

0 

2 



(60%) 

(10%) 

(10%) 

(10%) 

(10%) 



(20%) 

4 

4 

0 

0 

0 

2 


j 1 

1 

4 






(50%) 


1 (25%) 

(25%) 

(100%) 


Table XATI. CoRREiiATioN of T-Wave Changes in the Precordial Leads With 

Penal Biopsies 


RENAL 

BIOPSY 

GRADE 

NUM- 
BER OF 
ECG ’S 

NORMAL PRECORDIAL LEADS 
T-WAVE changes 

ABNORMAL PRECORDIAL LE.\DS 
T-WAVE CHANGES 

TOTAL 

ABNOR- 

MAIi 

NONE 

IN CF- 

IN 

CF-. , 

IN CPs 

IN CF-. 0 

1 

IN CF,. s 

IN 

CFj, 4, i 

0 

1 




! 




0 










(0%) 

1 

4 

3 





1 


1 



(75%) 


i 



(25%) 


(25%) 

o 

4 j 

1 

1 


1 


1 


2 



(25%) 

(25%) 


(25%) 


(25%) 


(50%) 

3 

16 

6 

o 


2 

3 

3 


8 



(37.5%) 

(12.5%) 


(12.5%) 

(18.8%) 

(18.87o) 


(50%) 

4 : 

1 

1 








j 

i 

(100%) 









percentage of tlie patients -svitli slight or definite cardiac enlargement showed 
abnormal precordial leads than did those who had nonnal hearts by x-ray 
examination. 

In Table XYI the T-wave changes in the precordial leads arc correlated 
with the eye-ground classification. In general an increasing percentage of 
precordial leads shov/cd abnormalities as the eye grounds showed more patho- 
logic changes. HowcA'cr, there was a larger percentage of normal tracings in 
the group that had Grade 3 eye grounds tlian in any other; that is to he 
aceotmled for, doubtless by the .smallness of the numbei’s. 

In Table XVII the T-wave changes in the precordial lead.s are correlated 
with renal biopsies. Ve had only one patient n-ith a Grade 4 renal liiopsy who 
showed a normal electrocardiographic tracing. Except for that discrepancy. 
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a greater percentage of the precordial leads Avere abnormal in the cases ivhieh 
showed Grade 2 and 3 pathologic change than in those Avhich showed Grade 0 
to 1. The percentage of abnormal tracings Avas the same in the patients shoAv- 
ing Grades 2 and 3 pathologic findings, hoAveA’^er. These figures are not reliable 
since the number of renal biopsies was sniall.-® 

In Table XYIII the preeordial and limb leads are correlated. AYhen the 
precordial leads Avere normal the limb leads Avere noianal in 82 iier cent of the 
cases and abnormal in 18 per cent of the cases. When the precordial leads Avere 
abnormal, the limb leads were abnormal in 78 per cent of the cases and normal 
in 22 per cent of the eases. 


Table XVIII. Correlation of Noraial and Abnormal Precordial Leads "With 
Noraial and Abnoraial Liaib Le.\ds 


PRECORDIAL LEADS 

NUMBER OP ECO ’S 

NORMAL LIMB 
LEADS 

ABNORMAL LIMB 
LEADS 

Xormal 

50 

41 

9 


• 

(82%) 

(18%) 

Abnormal 

50 

11 

39 



(22%) 

(78%) 



NORMAL 

ABNORMAL 



PRECORDIAL 

PRECORDIAL 

LIMB LEADS 

NUMBER OP egg’s 

LEADS 

LEADS 

Normal 

52 

41 

11 



(78.8%) 

(21.1%) 

Abnormal 

48 

9 

39 



(18.7%) 

(81.3%) 


Table XIX presents a correlation betAveen the amplitude of the QRS Avaves 
and abnormalities of the T Avaves of the precordial electrocardiograms. There 
is evidently a connection between high Amltage of the QRS Avaves in Leads CPf 
and CF5 and abnormalities (commonly inversion) of the T AvaA’^es in these 
same leads. x 


Table XIX. CoRREiiATioN of Amplitude op QES Waa’es and of T-Waa^ Abnormalities 

in Hypertensive Electrocardiograais 






ABNORAIAL T AVAVES 



NUAI- 

BER 

NO T- 
AVAVE 
CHANGES 

IN CPs 1 
ALONE 

IN LEADS ! 
CP, and CP 5 

1 IN LEADS 

1 CF-, CF„ 

1 AND CPs 

total 

NUMBER 

High voltage of QRS in 
Leads GF-, CP,, and 
CPs 

15 

3 (20%) 

4 (26.7%) 

7 (46.6%) 

1 (6.7%) 12 (80%) 

High voltage in CP- 

16 

10 

3 

3 

0 

6 (37.5%) 

In CP, and CP* 

5 

1 

1 

3 

0 

4 (80%) 

In CP, only 

2 

0 

1 

1 

0 

2 

In CP- and' CP, 

2 

2 

0 

0 

0 

0 

Total 

40 

16 

9 

14 

1 

24 


DISCUSSION 

In general this study has shoA\m that Igaa--, diphasic, or inverted T Avaves in 
Leads OP.1 and CP- are consistent witli hypertensive heart disease. In ad- 
dition, as we liaA’^e indicated, high A'oltage of the QRS complexes in one or more 
of the precordial leads is a rather common finding and one to be expected, 
according to the Avork of Wilson^* in cases Avith left ventricular hypertrophy : 
“in left ventricular hyiiertrophy the voltage of the chief deflection of the QRS 
p'oup is on the average much greater than normal, and the QRS interval is 
increased to 0.10 or even 0.11 second. In the leads from the right side of the 
preeordium the R deflections are, on the average, much smaller than normal 
and may be absent. The transitional zone is, as a rule, much displaced to the 
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left. In the leads from the left side of the pi’ecordinm E and often Q as Avell, 
are abnormally large; the peak of E occurs abnormally late in the QES inter- 
val; and the T deflections are inverted.” Changes in the QES complexes in 
our series, aside from these changes in voltage and absent E waves in the five 
cases mentioned, were not outstanding. A few were notched or slurred and 
an occasional one was w-shaped ; there was no particular nddening although a 
few measured 0.10 to 0.11 second. 

The changes in the T wave in Lead OPj interesting but their signifi- 
cance is not clear. Low or inverted T waves in Lead CF, may rarely occur in 
normal tracings and are, not necessarily an abnormal finding. The relatively 
high T Avave seen rather frequently in this lead may perhaps be a character- 
istic finding in hypertensiA'e heart disease ; there is no reason to believe that 
it is an abnormal finding, hoAvcA’^er, and it is certainly not specific since it is 
seen in posterior myocardial infarction and even in normal persons. It is 
nece.ssary to remember that we do not as yet liaA^e enough normal controls to 
know Avhat the range of the normal amplitude of the T Avave in Lead CP, is. 
There is similar uncertainty about the significance of the relatively high T 
AvaA'e in Lead CF^ ; it may also occur in normal tracings and in those shoAAnng 
evidence of posterior myocardial infarction. Thus, again in this case, avc do 
not knoAv well enough the range of the normal or cA’en the average. Elevation 
of the ES-T segment in Lead CP, of from 0.5 to 2 mm. occurs too frequently 
normally to be significant in our series. ES-T segment changes' in Lead CF., 
AA’ere rare and not in themselves significant. Depression of the ES-T segment 
in Lead CPn appeared rather frequently, usually together AAdth an inverted 
or diphasic T Avave. 

In correlating changes in the precordial leads Avith those in limb leads we 
found that they Avere usually similar, both being normal or both being abnor- 
mal in the greatest percentage of cases. In forty-one of our one hundred elec- 
trocardiograms both precordial and limb leads Avere AA'ithin normal limits; in 
thirty-nine cases both shoAved some abnormality. Abnormal limb leads Arere 
accompanied by normal precordial leads in only nine cases, AAdiile abnormal 
precordial leads Avere accompanied by normal limb leads in eleven cases. The 
T Avaves in Lead CP4 and CPj often showed abnormalities similar to those of 
the T AA'aA'es in Leads I and II, thus supporting and confirming the eA’idenee of 
cardiac invoh’ement proAuded by the limb leads. Sometimes a tracing A\diich 
had a borderline or questionably Ioav T wave in Lead I and AA'hich Avould Iwa'c 
to be considered AA'ithin normal limits so far as the limb leads are concerned 
showed abnonnalities in the precordial leads AA’hich make it consistent AA'ith 
hypertensive heart disease and lend significance to the minimal changes in the 
limb leads. It is true that the T-waA’e changes cannot be considered diagnostic 
since they are similar to those in coronary heart disease. HoAvever, as Avas 
mentioned in the disenssion of changes in the limb leads, the early age at 
AA’hich the T aa'ca’cs become Ioav or deeply inverted in the hypertensiA’c patients, 
the fact that a number of them do revert to normal after lumhodorsal .sym- 
pathectomy, and the absence of the pain of coronary insufficiency tend to rule 
out coronarj' heart disease in most imstances. With the return of low and 
inA’erted T AvaA'cs to normal A'oltage it become.s cA’ident that the changes in 
many tracings AA’hich aa’c read as consistent AA'ith hypertensu’e and/or coronary 
heart disease are to be ascribed as a rule alone to liypertensiA’c heart dlsetise. 

From the data obtained in our study it is evident that the fir.st changes 
due to bypcrten.sivc heart di.sease appear in the electrocardiogram in either 
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the limli leads or the precordial leads or both. We cannot yet determine their 
relative importance. However, it is clear that the changes in the precordial 
leads are at least as characteristic as are those in the limb leads, and we can 
conclude, therefore, that precordial lead electroeardiogi’aphic changes are as 
important and helpful in the detection of hypertensive heart disease as are 
changes in the limb leads, and perhaps more so. 


SUMMARY AND CONCLUSIONS (B. THE PREGORDIAL LEADS) 


1. Precordial Leads GPo, CP„ and CP^ have been analyzed in the electro- 
cardiograms of one hundred hypertensive patients upon whom preoperative 
studies for the Smithwick lumbodorsal sympathectomy were being done. The 
ages varied from 17 to 66 years with an average age of 42.4 years. The blood 
pressure readings ranged from 270 to 150 systolic and from 160 to 95 diastolic. 

2. The preeordial leads were normal as to T waves in fifty of the one 
hundred cases, but due to the presence of certain changes which were con- 
sidered worthy of note, these fifty were subdivided as follows : in thirty-four 
cases they were well within the usual normal limits; in twelve eases there 
were unusually high T waves in Lead CP2 ; and in four eases there were un- 
usually high T waves in Leads CPg and CP4. 

3. The QRS waves in general showed no striking abnormalities ; however, 
R Avaves were absent in Lead CP, in four cases and in Leads CP,, CP4, and CP5 
in one case, the voltage of the R or S waves was relatively high in one or more 
of the three precordial leads in twenty-four cases, and there was a definite 
correlation between high voltage of the QRS Avaves and abnormalities of the 
T Avaves in Leads CP4 and CPg. The R and S Avaves were not unusually low 
in any of the electrocardiograms in tliis series. 

4. The precordial leads shoAved definite abnormalities of the T waA'-es in 
fifty of our one hundred eases, tAventy-five shoAving abnormal T Avaves in Lead 
CF5, and tAventy-fiA^e shoAAdng abnormal T Avaves in both Leads CP4 and CP5 
as follows; in thirteen cases T Avave changes occurred only in Lead CP^; 
in eleven eases there Avere changes in both Leads CPg and CP^; in one ease 
there Avere rather high T AvaA^es in Lead CP^ Avith a low T Avave in Lead CP^; 
in eleven cases there Avere inverted T Avaves in Leads CP^ and CPg; in two 
cases there were low T waves in Lead CP^ and inverted T waves in Lead CPg,* 
in two cases there AA"ere inverted T Avaves in Lead CP^ and low T Avaves in 
Lead CPg-, in ten cases there Avere abnormalities of the T Avaves in Lead CP, 
as well as in Leads CP4 and CPg. 


5. Correlations of the T Avave changes in the precordial leads Avith dias- 
tolic blood pressures revealed that the percentage of abnormal leads is greatest 
in the groups Avhieh have the highest diastolic pressure. Correlation Avith the 
knoAvn duration of hjTpertension Avas inconclusive and unsatisfactory. Cor- 
relation betAveen heart size and the electrocardiographic changes shoAved a 
larger percentage of abnormal tracings in the group with slight or considerable 
cardiac enlargement than in the group Aidth normal-sized hearts. Results 
from the correlations Avith the eye-ground changes and the renal biopsy find- 
ings were unsatisfactory. AYhen the precordial leads were normal, the limb 
leads were normal in 82 per cent of the eases and abnormal in 18 per cent of 
the cases; Avhen the precordial leads were abnormal the Hmb leads were ab- 
normal in 78.8 per cent of the eases and normal in 21.2 per cent of the eases. 

6. Ill general these studies have shoAim that Ioav, diphasic, or inverted T 
Avaves in Leads OP* and CPg are commonly found in hj^iertensiAm heart disease. 
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7. In forty-one of our one hundred electrocardiograms both preeordial and 
limb leads were within noi’mal limits; in thirty-nine both showed some ab- 
normality. Abnormal limb leads were accompanied by normal precordial 
leads in only nine cases while in eleven cases normal Ihnb leads were accom- 
panied by abnormal precordial leads. Hence, in 21 per cent of tlie cases, pre- 
cordial leads showed abnormalities which would not have been noted if only 
limb leads had been available. 

8. It is evident that the changes in the preeordial Leads CP,, CP^, and 
CPs in hypertensive heaii; disease, although not definitely diagnostic, are as 
characteristic as are those in the limb leads, and we can conclude that they 
are equally as important and helpful in the detection of changes in hjqjerten- 
sive heart disease as the electrocardiographic changes in the limb leads and 
may uncover evidence not found in the limb leads alone. 
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THE ELECTROCARDIOGRAII IN HYPERTENSION 

II. The Effect of Radical Lumbodorsal Sympathectomy 
(Preleminary Report) 

Paul D. White, M.D., and Reginald H. Smithwick, M.D., Boston, I'Iass., 
Marion W. Mathews, M.D., Augusta, Ga., and 
Elwyn Evans, M.D., Winter Park, Pla. 

I T IS an nncoinmon clinical experience to encounter patients witli wen-estab- 
lished hypertension of considerable degree who spontaneously lose their hy- 
pertension and the manifestations thereof, including characteristic abnormalities 
of the electrocardiogram. Over a period of twent5’’-five years we have faced 
discouragement as we have foUowed the generally downward course of the hy- 
pertensive cardiac patient. Three years ago a change became clearly apparent, 
a change that had doubtless already been going on for a few years before that, 
ever since the introduction of the more extensive lumbodorsal splanchnic sym- 
pathectomy for hypertension. Not only was the hypertension being controlled 
to a greater or lesser degree by this procedure in the majority of the patients, 
but the secondary cardiac manifestations, especially electrocardiographic, were 
also sometimes strikingly altered for the better. In other words, there was defi- 
nite indication at last that, like the thyrocardiac patient of twenty years ago, 
the hypertensive cardiac patient was becoming amenable to improvement by 
surgical measures. And so this type of heart disease, too, is, to at least a certain 
extent, reversible if not allowed to reach an extreme and fixed status. 

Improvement in the electrocardiogram following various operations for 
the relief of hypertension has been mentioned several times^'® but none of the 
reports has given criteria for improvement or adequate control studies, and no 
correlations were made. Only one gave any statistical data.^ The newer sur- 
gical treatment of hypertension has afforded us this opportunity not only to 
stud}’- postoperative changes in the electrocardiogram but to make numerous cor- 
relations between these and other changes concomitant udth hypertension, in- 
cluding pathologic changes in the kidney. The paper that foUows this 'will 
present control studies of the electrocardiogram in hypertension and its more or 
less natural evolution. 


the operation 

^ Briefly, the operation consists of an extensive bilateral splanchnic denerva 
tion, re moval of the great splanchnic nerves from the semilunar ganglion to ap 

Prom the Cardiac Clinic of the Massachusets General Hospital. 

^''Sland Heart Association, Alky 24, 1943 
Received for publication Jan. 16, 1945 . ^ 
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proximately the mid-thoracic level, and resection of the sympathetic tnuik from 
the ninth dorsal to the fii-st or second and occasionally the third Inmhar ganglion. 

materlvl 

A. lAmh Leads . — Two hiindi'ed nine consecutive patients, upon whom lumbo- 
doi-sal sympathectomies® were performed by R. IL Smithwiek at the Massa- 
chusetts General Hospital, were selected for study. Eighty-seven postoperative 
electrocardiogi’ams were compared with the seventy-four records taken before 
operation on seventy-four patients who showed abnoimal tracings to start with; 
the additional thirteen tracings were follow-up records of several of the seventy- 
four patients at later dates. The ages varied from 18 to 58 years vdth an aver- 
age age of 40.1 years. The kno^vn duration of hypertension ranged from two 
months to twentj^-four years. Eye grounds and renal biopsies varied from nor- 
mal to Grade 4. The diastolic pressure on admission varied from 88 to 170 mm. 
of mercury. Hearts varied from normal to large by teleroentgenogram, and 
electrocardiograms from noimal to verj^ abnormal. The length of time after 
operation at which the electrocardiograms were taken ranged from two days to 
forty months. 

None of the patients had been taldng digitalis when preoperative electro- 
cardiograms were made, but on two occasions patients were taldng digitalis 
when tracings were made after sjunpathectom}'. 

One patient was thought to have had an acute myocardial infarction about 
one month before operation, and another patient was thought previously to 
have had a po.sterior mj'ocardial infarction, but their electrocardiograms showed 
no evidence of such complications. 

Some of the records were taken in the upi-ight and others in the recumbent 
positions; in each instance, however, the postoperative electrocardiograms were 
taken in the same position as the i-espective preoperative records. 

B. Multiple Precordial Leads . — ^During the last year and a half since we 
have been taking precordial electrocardiograms CP-, CF^, and CF5 routinely 
on all hypertensive patients both before and after the Smithvrfek operation, 
it has become increasingly evident that they show change.s as significant as 
those in the limb leads. The findings in these precordial leads are of diagnostic 
value preoperatively (see Part I of this series), and at times postoperativel.v 
they show a surprising reversal toward the nonnal picture. Therefore, in order 
to evaluate these changes a study was made of the preoperative and postop- 
erative precordial electrocardiograms taken on forty-eight patients who have 
had the Smithwiek lumbodorsal sjunpathectomy for hj^pertension. Patients 
were chosen whose preoperativc tracings .showed some definite abnoimiality in 
the preeordial leads consistent ^vith the diagnosis of hypertensive heart disease. 
In four ca.‘?os the patients were on a maintenance dose of digitalis both before 
and after operation, but ca.ses were omitted if they Iiad received digitalis when 
the preoperative studies were done but had been taken off it before the post- 
operative electrocardiogram was taken, or similarly if they were given digitalis 
after the preoperativc record was taken and kept on it postoperativcly ; in either 
instance the piecordial leads would not be compara])le since one set of Lends 
CF». CF4, and CF,. might show digitalis effect and the other might not. 

The n2e.s of the forty-eight patients ranged from 21 to G1 yeara witli an 
average of 42.S years. Electroeardtograms taken at varying intervals pre- 
operatively wore compared with similar ones taken from eight to twenty-eight 
days after operation, approximately two weeks afterward in half the niHCS. In 
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a small mimber of cases a more prolonged follow-np was available, and electro- 
cardiograms taken up to a year after operation were compared mth preop- 
erative records. 

In comparing the precordial leads taken before and after operation some 
difficulty was encountered lieeause several technicians, taking tracings at inter- 
^'a^s, often fail to place the electrode accurately at comparable locations 
on the chest for successive Leads CFo, CF 4 , and OF 5 . Thus Lead CF 4 
in one tracing may be obviously farther to the left than the same lead in another 
tracing. This can often be detennined by observing the relative height of the 
R and S waves; if the R wave in Lead CF^ of the preoperative tracing is 
10 mm. high with an S wave of 9 mm. and in the postoperative record is 
5 or 6 mm. higher with a proportionately smaller S wave, Ave suspect that the 
second Lead CF4 Avas probably taken farther to the left since, in the accurately 
taken precordial leads (except in eases of m.A'oeardial infarction), the R AA'^aA^e 
is small in CF2 and becomes progressiA-ely higher as the electrode is moved 
farther out on the chest, AAliile the S AAmAm is deep in Lead CFo and becomes 
progressiA''ely smaller in Leads CF, and CP5. Other A’ariations occur AA'hen 
inexperienced AA’orkers place the electrode in the fourth or sixth rather than 
the fifth intercostal space and aaIicu the patient has large or pendulous breasts. 
If these differences are OA^erlooked, particularly in any comparative study, the 
results can be misleading. For example, if it is noted that the T wave in Lead 
CP-, in a preoperatiA''e tracing is slightly inv^erted AAliile in the similarly marked 
lead in the postoperatiA’-e record the T AAmve is upright, the change might be 
interpreted as indicating improvement. HoAA-ever, if it is also observed that the 
R AA*aA'-e is of greater amplitude in the preoperative tracing than in the post- 
operative one, it is probable that the tAvo leads Avere not taken exactly at the 
anterior axillary line and that the preoperative record Avith its higher R AAmve 
and slightly iiiA’-erted T AvaA’-e was therefore taken farther toAvard the left than 
AA'as the postoperative record AAUth its loAver R Avave. Hence the fact that the T 
Avave is upright on the folloA\>'-up tracing may lose its significance since another 
Lead OF^ taken correctly a fcAv centimeters farther to the left might still shoAV 
an inverted T waA’-e. 


POSTOPER.VTIA'E CHANGES AVHICH OCCURRED IN THE ELECTROCARDIOGRAM 

A. Limh Leads . — These changes varied considerably depending upon the 
type and extent of the abnormality produced bj’- the hypertension and upon the 
extent to Avhicli the strain on the left ventricle was relieved. Usually they 
Avere favorable, but occasionally they Avere unfavorable. Numerous alterations 
occurred in the shape of the RS-T segments, but only the significant changes 
AvnU be stressed. The RS-T junction and the RS-T segment shifted in the same 
direction as the T waves but to a lesser degree; often the change was insignificant 
and difficult to measure, especially in Leads II and III. Changes in these three 
variables appeared to occur shnultaneously although the relative change in each 
varied considerably in different cases. As the last portion of the RS-T segment 
and the first portion of the T Avave in Lead I tended to become loAA’er, flat, or 
even inverted during left ventricular “strain,’'* opposite changes tended to' oc- 
cur after the strain Avas removed (Figs. 1 to 7, inclusNe). 

Associated with improvement in the height of the T Avave in Lead I the 
most frequent simultaneous alteration in Lead HI Avas a loAvering of the T wave 
(Figs. 1. 5, and 6 ). ]\rany times an upright T Avave in Lead "’ll! became in- 
A-erted, as it should be normally in certain individuals (Figs. 1, 3, 4 and 7) 
Not uncommonly, hniertension caused a depression of the T° AvaA4s in Lead III 
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as M'dl as in Lead I. Thus, if the T wave in Lead III was normally inverted, 
it would in some persons become more so during the “strain.” In these cases 
improvement consisted of elevation of the T waves in all leads (Figs. 3, 4, and 7). 

Changes in Lead II were always in the same direction as those in Lead I. 
In the group in which improvement was associated ivith elevation of the T wave 
in Lead I and depression in Lead III, predominant changes occurred in Lead I, 
The T wave in Lead II, therefore, became elevated but to a lesser degree than 
that in Lead I, since Lead II is the algebraic sum of Leads I and III. In the 
group in which improvement was associated with elevation of the T waves in 
aU leads, the T wave in Lead II became more elevated tlian that in Lead I for 
the same reason. 

Improvement occurred in Lead IV, as well as in the standard leads; how- 
ever, Lead LV was not included in our analyses because it was impossible to be 
certain that the chest electrode was at the apex in a given ease, and a shift of 
the electrode in any direction changed tlie configuration of the electrocardio- 
gram. As already noted, however, multiple preeordial leads (CF,, CF^. and 
CFg) were studied and the results will be presented later in this paper. 

Concomitant with alterations in the T waves were changes in the electrical 
axis. Usually, the changes were in accord, that is, when the T wave improved, 
the electrical axis usually did likewise, and vice versa. Occasionally, however, 
improvement occurred in one while “unfavorable” changes occurred in the 
other. 

Postoperative changes in the T waves, axis deviation, and the electro- 
cardiogram as a whole are shown in Table I. T waves were referred to instead 
of RS-T segments because more strildng changes oecuiTed in the T waves. The 
T wave in Lead I was used in this analysis, as well as the remaining anal 5 'scs, 
because the most consistent and usually the most marked changes occurred in 
the T waves in this lead. The T waves and electrical axis varied slightly from 
time to time, both before and after operation, and therefore standards (not 
stringent) were set up by Avhieh most of these minor changes could be eliminated 
from our statistics. In calculating the number of electrocardiograms which im- 
proved, minimal criteria were utilized on only five occasions, and only twice were 
electrocardiograms considered improved when there was considerable improve- 
ment in either the T wave or axis and only slight “unfavorable” change in the 
other (Fig. 3 is an example). The reason the electrocardiogram as a -whole im- 
proved more often than the axis or T wave alone was that, not uncommonly, the 
T wave or axis improved while the other remained unchanged, according to 
our criteria. 

These figures were based on analysis of all limb-lead postoperative electro- 
cardiograms. If only tracings taken later than six months after operation 


Tabvc I. Postoperative ELECTROCiVEDioonAPinc Cn.vxGEs ix the Limb Leads 


XUMBEF. OF 
ECO ’S 

s 

T W.AVE* 

I 

v: 

AXIS 

S I W 

S7 

39 (44.8%) 

41 (47.1%) 

7 (8.1%) 

iiO (57.5%) 20 (29.8%) 11 (12.7%) 


Err, A.s A v.iroi,E 

s I w 


S7 ( 20 . 8 %) 30 (57.-0%) U (12.7%) _____ 

Rcftrrinfr to T ivave.'? or electrical axis: S = siuiie or no chanRC (i.c., Ic^s than 1 mw- 
elevation or Jeprc.'sion of T. or than 15* of chajiRe in axis) ; I =: improvement (favorable 
change in T or axis beyond thc'^c limits) ; W = avorse (unfavorable change). 

Referring to EGG .as n whole: S = no change In T or axis; 1 = improvement In T 
or axis -with no change in tho other. Improvement in both, or considerable Improvem'-nt In 
one with only slight unfavorable change in the other; W = unfavorable change using same 
criteria. 

•T wave =: T in Lead I unles'! otherwloe specHle.). 
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were considered, statistics on the electrocardiogram as a whole would have been 
as follows : of fifty-six electrocardiograms, seventeen (30.3 per cent) were un- 
changed, tliirtj'-five (62.6 per cent) improved, and four (T.T per cent) were 
worse. This may have been the more important group since possible nonspecific 
effects of the operation should have disappeared by the time the records were 


taken. 

B. Multiple Precordial Leads.— Changes in the QRS complexes before and 
after operation were not impressive. There was no change in the shape of the 
complexes in the comparable leads and no difference in the length of the QES 
intervals. The voltage of the B and S waves varied widely, but they did not, 
apparently, show any constant changes related to improvement in the T waves, 
and the average height of the R and S waves in the indmdual leads before and 
after operation was approximately the same. In Lead CFo before operation 
the average height of the E wave was 3.4 mm. and of the S wave 20 mm. ; after 
operation the average height of the R wave was 6.9 mm. and of the S wave 18.1 
millimeters. In Lead CP4 the average height of the preoperative R w'ave of 
the electrocardiogram was 15.7 mm. and of the S wave 9.4 mm. as compared 
with 15.2 mm. and 9.2 mm. postoperatively. In Lead CPc preoperative measure- 
ments of the R wave averaged 16.6 mm. and of the S wave 1.9 mm., while post- 
operatively the averages were 14.1 and 1.9 mm., respectively.’^ 

A few of the postoperative chest leads which showed improvement in the 
T waves had increased voltage, and a few had decreased voltage of the QRS 
complexes; the voltage of the majority remained the same. Hence the changes in 
the QRS complexes seem to have at present little significance in evaluating post- 
operative improvement. 

The RS-T segments also show little constant change which can be said to 
indicate improvement in the postoperative tracings. The RS-T segments in 
Lead CPo in preoperative records were elevated from 0.5 to 3 mm. with an aver- 
age elevation of slightly over 1 ihm. in forty-five, or 94 per cent, of the cases. 
Similarly they were elevated from 0.5 to 4 mm. postoperatively in forty-four of 
forty-eight, or 91 per cent, of the cases. They were never depressed in this 
lead either preoperatively or postoperatively. In Leads CF^ and CF^, both be- 
fore and after operation, the RS-T segments were isoelectric in the majority 
of the eases. The number and percentages are as follows: preoperativety in 
Lead CF4 they were isoelectric in thirty-six, or 75 per cent, of the cases and in 
CPr, in thirty-three, or 69 per cent, of the cases; postoperatively they were iso- 
electric in OF 4 in twenty-nine, or 59 per cent, of the cases and in CP5 in thirty- 
eight, or 79 per cent, of the cases. They were elevated in ten preoperative and 
fourteen postoperative tracings in Lead CP4 and in three preoperative and four 
postoperative tracings in CF^. They were depressed in Lead CF4 in two cases 
preoperatively and in five cases postoperatively, and in Lead CF^ in twelve cases 
preoperatively and in six eases postoperatively. A depression of 0.5 mm. or 
more in Leads OF4 and CP^ was usually (seventeen out of twenty-three times) 
associated in tliis series with diphasic or inverted T waves. The converse was 
not true, however, since inverted T Avaves occurred frequently with isoelectric 
RS-T segitients. Apparently, too. the RS-T segments became isoelectric when 
Ihe T waves became upright. Thus, changes in the RS-T segments apart from 

T-wave changes did not seem important as an indication of postoperative im- 
provement. 

As at first observed during routine readings in the Cardiac Lab’oratory 
the T waves winch are low, diphasic, or inverted in the precordial leads taken 
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Table II. Postoperatitc Electrocardiographic Ch.vnges in the T Waves of the 

Peecordial Leads 


NUMBER OF 
ECG’S 

S 


1 


AV 

48 

25 (52.1%) 

t 

A 

19 

B 

(39.0%) 

X 

G 

n E ' 

4 (8..3%) 


5 

(10.4%) 

2 

(4.2%) 

2 

(4.2%) 

4 6 

(8.3%) (12.5%) 


S = no 

cliange In T waves. 






TV = unfavorable change. 

I = Definite improvement in the precordial clectrocardiosrram. A, marked improvement 
in Leads CF4 and CFs witli change of one or both of the T waves from inverted to upright' 
Rj change from inverted to upright T waves in Lead CFi; C, le.cs deep inversion of T waves 
in Leads CFj and CFs : D, Increase in voltage in T waves in Leads CF< and CFj ; E, increase 
in voltage of T waves in I./;ad CFi. 

preoperaiivcly fi-eqiienlly show an interesting and rather striking return toward 
the normal in postoperative records; we find that tlie elianges shotvn are liighly 
significant (Tabic II). In sixteen cases tlicre was no cliange at all in the electro- 
cardiograms taken before and after operation. To this group we added nine 
cases whose electrocardiograms showed such slight improvement that their 
significance was debatable; twenty-five of foi'tj'-eight, or 52.1 per cent, of the 
precordial electroeardiogi'ams shoAved no notcAvorthy differences before and 
after operation. 

In four, or 8.3 per cent, of the forty-eight cases the imstoperatiA-e tracings 
became more abnormal; in one ease the T avoa’c in Lead CF^ became 0.5 mm. 
loAA-er; in Iavo cases an isoelectric T AvaA’e in Lead CF 5 became slightly inverted; 
and in one case Ioaa', upright T Avaves in Leads CF^ and CF^ became deeply in- 
verted. 

In nineteen cases, or 39.6 per cent, there aatis clear-cut improA*ement in the 
postoperatiA’c electrocardiogram, and Ave subdiAuded this gi*oup according to 
the leads iiiA'olved and the degree of change (Table II). In eight cases there 
AA'as definite improA'ement of the T AvaA'e in Lead CFj as follows: in six cases 
there Avas an increase in voltage of from 0.5 to 1.5 mm.; in tAVo cases there .Avas 
marked improvement, iiiA'crted T AA'aA'es becoming upright and of normal A'olt- 
age. In eleven cases there was a definite improvement in the T Avaves in both 
Leads CP^ and CF^ as foUoAvs: in tAvo cases the T Avaves Avere less deeply in- 
verted after operation, in four cases there aa'os an increase in the amplitude of the 
T Avaves of from 1 to 5 mm., and in five cases there was a marked change toward 
the normal AAuth either one or both of the T AvaA’es, which had preAuously been 
inverted, becoming upright. One case not included in the forty-eight showed 
an increase in voltage of 3 mm. in the T wave in Lead CP^ and 2 mm. in the 
T Avave in Lead CF5 postoperatively ; the preoperative record Avas entirely 
AAnthin normal limits. Another ease, also not included in the present statistical 
study, shoAved return of inverted T waA^es postoperatiA-ely ; this electrocardio- 
gram could not be eAmluated because digitalis had been discontinued for Iaa'O 
Aveeks so that some or even aU of the improvement might possibly hava been due 
to the clearing of the digitalis effect. 

CORRELATIONS 

In Table III postoperative limb-lead electrocardiographic changes Avere cor- 
related AAUtli preoperative eye-ground findings. Criteria for grading the eye 
grounds AA'ere as folloAA^s: Normal, no abnormal findings in the retina; Grade 1, 
minimal caliber changes in the retinal arterioles; Grade 2, caliber variations 
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TabijE III. Correlation of Postoperative Limb-Lead Electrocardiographic Changes With 

Preoperative Eye-Ground Classification 


EYE 

ROUNDS 


NUMBER 
OF EGG’S 


T CHANGES 
I 


W 


AXIS CHANGES 
I 


■w 


Formal 

1 

rade 1 

30 

rade 2 

24 

rade 3 

23 

rade 4 

9 


0 (0%) 1 (100%) 0 (0%) 

18 (60.0%) 11 (36.7%) 1 (3.3%) 

8 (33.3%) 13 (54.2%) 3 (12.5%) 
11 (47.8%) 11 (47.8%) 1 (4.4%) 

2 (22.2%) 5 (55.6%) 2 (22.2%) 


1 (100%) O' (0%) 0 (0%) 

19 (63.3%) 6 (20.0%) 5 (16.7%) 

18 (75.0%) 3 (12.5%) 3 (12.5%) 

10 (43.5%) 11 (47.8%) 2 (8.7%) 

2 (22.2%) 6 (66.7%) 1 (11.1%) 


EYE 1 

GROUNDS I 

number] 
OF egg’s I 

ecg as a whole 
s 1 W 

Normal 

1 

0 (0%) 1 (100%) 0 (0%) 

Grade 1 

30 

13 (43.3%) 12 (40%) 5 (16.7%) 

Grade 2 

24 

7 (29.2%) 13 (54.2%) 4 (16.6%) 

Grade 3 

23 

6 (26.1%) 16 (69.6%) 1 (4.3%) 

Grade 4 

9 

0 (0%) 8 (88.9%) 1 (11.1%) 


with arteriovenous nicking; Grade 3, hemorrhages and exudates; Grade 4, 
changes as in Grade 2 plus papilledema." 

This table is of interest in that eliances for improvement in the electro- 
cardiogram increased as the eye grounds became worse. 


Table IV. Correlation of Postoperative Limb-Lead Electrocardiographic Ch.anges With 

Renal Biopsies 


renal gp^\de 

NUMBER OF ECG ’S 

s 

I 

w 

0 

3 

1 (33.3%) 

2 (66.6%) 

0 (0%) 

1 

11 

5 (45.4%) 

5 (45.4%) 

1 (9.2%) 

2 

18 

7 (38.9%) 

8 (44.4%) 

3 (16.7%) 

3 

28 

6 (21.4%) 

20 (71.4%) 

2 (7.2%) 

4 

9 

2 (22.2%) 

3 (33.3%) 

4 (44.5%) 


In Table IV postoperative limb-lead electrocardiographic alterations were 
correlated with pathologic changes found in biopsy material taken from the 
kidneys at the time of operation. The biopsies were classified in five* groups 
as follows: Grade 0, no abnormal findings seen; Grade 1, slight amount of vas- 
cular change (predominantly arteriolar intimal hyalinization and arterial endo- 
thelial hyperplasia) ; Grade 2, slightly more vascular change than in Grade 1 
with an occasional hyalinized glomerulus; Grade 3, severe vascular disease in 
every vessel with predominant medial arteriolar hypertrophy and many hy- 
alinized glomeruli; Grade 4, involvement of every vessel, scarring of many 
glomeruli, and atrophj^ of surrounding tubules.® 

There appeared to be no definite correlation between postoperative electro- 
cardiographic changes and disease in the kidneys. Only three electrocardio- 
grams were taken on patients with normal kidneys, two of whom improved and 
one remained unchanged. In the group with Grade 3 kidneys, the incidence 
of improvement was distinctly greater and that of unfavorable change was 
distinctly less than in other groups. The incidence was reversed in the group 
vnth Grade 4 kidneys; however, these figures were not so statistically significant 
since only nine electrocardiograms were obtained in this group. 


Table Y. Correlation of Postoperative Limb^ad ELECTROcvRDiOGiLipnic CmvNGES With 

PREOPERATIVE HEART SiZE 
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Correlations with preoperative Iieart size were made in Table V. The heart 
size in each instance was based on the roentgenologist’s opinion of the tele- 
roentgenogram. Variations in the heart size affected slightly the chances for 
improvement or unfavorable change in the limb-lead electrocardiogram. 

Postoperative limb-lead electrocardiographic changes were correlated wth 
the Iniown duration of hypertension in Table VI. The number of electro- 
(iardiogi’ams taken in the three five-year periods, from eleven to twenty-five 
yeai-s, was too few to be of statistical significance, but the definite lack of cor- 
relation was evident here as it was in the two five-year periods from zero to ten 
years. 


TABW: VI. COKRELATION OF POSTOPEKATIVE LiMB-LEAD ELECTROCARDIOGRAPHIC CHAKGES tVlTH 

THE Known Duration of Hypertension 


DURATION (YRS.) 

NUilBER OF ECO 'S 

S 

I 

IV 

. 0 to 5 

52 

15 (28.9%) 

31 (58.8%) 

6 (12.3%) 

G to 10 

24 

7 (29.2%) 

14 (58.4%) 

3 (12.4%) 

n to 15 

C 

3 (50%) 

1 (16.7%) 

2 (33.3%) 

IG to 20 

o 

1 (50%) 

1 (50%) 

0 (0%) 

21 to 25 

1 

1 (100%) 

0 (0%) 

0 (0%) 


Table VII shows that the tendenej’’ for limb-lead electrocardiograms to im- 
prove or become worse was approximately the same in the patients with dyspnea 
as in those without it. Two of the four records •which were taken on patients 
who complained of chest pain improved -while the other two remained xmehanged, 
but the number of tracings was too few to draw any definite conclusions. 

Table VIL Correlation of Postoperative Lijib-Lead Electrocardiographic Cilinges With 

Preoperative Syhptoms 


SYilPTOitS 

NU.MBER OF EGO'S 

s 

I 

w 

None 

53 

19 (37.7%) 

28 (52.8%) 

6 (9.5%) 

Dyspnea 

29 

G (20.7%) 

18 (G2.8%) 

5 (16.5%) 

Pain' 

4 

2 (50.0%) 

2 (50.0%) 

0 (0.0%) 


That the patient’s age did not affect the incidence of change in the hmb- 
lead electi'ocardiogram one way or the other is shown in Table VIII. 


Table Correlation of Postoperative Lijib-Le-ad ELECTROCARDioGm\>MS 

With the Patient's Age 


AGE (YRS.) 

NUMBER OF ECG 'S 

s 

I 

w 

10 to 20 

1 

0 (0.0%) 

1 (100.0%) 

0 (0.0%) 

21 to 30 

8 

3 (37.5%) 

4 (50.0%) 

1 (12.5%) 

31 to 40 

30 

7 (23.3%) 

19 (63.3%) 

4 (13.3%) 

41 to 50 

41 

15 (36.6%) 

21 (51.2%) 

5 (12.2%) 

51 to 60 

6 

2 (33.3%) 

3 (50.0%) 

1 (16.7%) 


Table IX reveals that the incidence of improvement in the limb-lead 
electrocardiogram increased and that of unfavorable change decreased as the 
preoperative diastolic blood pressure became higher. 

Table IX. Correlation of Postoperative Limb-Lead ElectrocardiographiO Changes 
With Diastolic Blood Pressure on Admission 


B.P. 

NUMBER OF ECG 'S 

s 

I 

w 

100 or below 

3 

1 (33.3%) 

1 (33.3%) 

1 (33.3%) 

101 to no 

17 

4 (23.5%) 

9 (53.0%) 

4r (23.5%) 

111 to 120 

16 

10 (62.5%) 

4 (25.0%) 

2 (12.5%) 

121 to 130 

11 

4 (36.4%) 

6 (54.5%) 

1 (9.1%) 

131 to 140 

19 

5 (26.3%) 

13 (68.4%) 

1 (5.2%) 

Over 140 

19 

2 (10.5%) 

15 (79.0%) 

2 (10.5%) 
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Table X reveals a tendency to positive correlation between long-term im- 
provement in tbe limb-lead electrocardiogram and long-term improvement in 
the diastolic blood pressure following sympathectomy. 

Tabm: X. Correlation Between Changes in the Limb-Lead Electrocardiogram and the 
Diastolic Blood Pressure Later Than Six Months After Operation 


EGG 

NU.MBER OP egg’s 

DIASTOLIC BLOOD PRESSURE 
S I 

w 

Unchanged 

17 

3 (17.6%) 

13 (76.5%) 

1 

(5.9%) 

Improved 

40 

8 (20.0%) 

29 (72.5%) 

3 

(7.5%) 

Worse 

4 

1 (25.0%) 

2 (50.0%) 

1 

(25.0%) 


S = No change (using same criteria). 

1= Improved (a decrease of 10 mm. Hg. when diastoiic pressure is 110 or below, 15 
mm. at 111 to 130, and 20 mm. over 130). 

W = Woi’se (an increase beyond these limits). 


Table XI presents the correlation betiveen changes in the T waves of the 
precordial electrocardiogram and changes in the diastolic blood pressure fol- 
lowing operation. In general there was agreement, but there were four excep- 
tions in which the electrocardiogram became worse even though the diastolic 
pressure was improved postoperatively. 

Table XI. Correlation Between Changes in the T Waves op the Precordial Electro- 
cardiogram AND THE Diastolic Blood Pressure 


EGG 

NUMBER OF EGG’S 

DIASTOLIC BLOOD PRESSURE 

S 1 

w 

Unchanged 

25 

7 (28%) 

17 (68%) 

1 

(4%) 

Improved 

19 

4 (21%) 

15 (79%) 

0 


Worse 

4 

0 

4 (100%) 

0 


Total 

48 

11 (23%) 

36 (75%) 

1 

(2%) 


S = No change (using same criteria). 

I = Improved (a decrease of 10 mm. Hg when diastolic pressure is 110 or below, 15 
mm. at 111 to 130, and 20 mm. over 130). 

W = Worse (an increase beyond these limits). 


There was some relationship between limb-lead electrocardiographic 
changes and the length of time after operation at which the records were taken 
(Table XII). The incidence of improvement was distinctly greater and that 
of unfavorable change distinctly less during the second six-month period. 

Table XII. Correlation of Postoperative Limb-Lead Electrocardiograms With Length 

OF Time After Operation 


POSTOPERATIVE TIME 

NUMBER OP EGG ’S 

S 

EGG CHANGES 

I 


W 

1 to 6 months 

31 

10 (32.2%) 

14 (45.2%) 

7 

(22.5%) 

1 to 12 months 

23 

5 (21.7%) 

18 (78.3%) 

0 

(0%) 

1 to 2 years 

18 

9 (50%) 

8 (44.4%) 

1 

(5.6%) 

2 to 3 years 

13 

3 (23.1%) 

7 (53.8%) 

3 

(23.1%) 

3 to 4 years 

2 

0 (0%) 

2 (100%) 

0 

(0%) 


The more abnormal the T wave in Lead I before operation, the greater 
(he chances for its improvement after sympathectomy, as can be seen in Table 
XIII. When the T wave was at the borderline of normal (1 mm. or over) 35.7 
per cent improved and 14.3 per cent became worse, but when it was inverted 


T.IBLE xm. CORREL.WION OF THE HEIGHT OF THE T WAVE IN LE^ID I BEFORE AND AFTER 

OPF.RATTOV 



Below 1 mm. but not inverted 
Diphasic to -2 mm. 

Below -2 mm. 


21 (50.0%) 
3 (30.0%) 
S (38.1%) 
3 (21.4%) 


15 (35.7%) 
7 (70.0%) 
11 (52.4%) 
11 (78.6%) 


6 (14.3%) 
0 ( 0 . 0 %) 

2 (9.0%) 

0 ( 0 - 0 %) 
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more than 2 ram., 78.6 per cent improved, wliile none became worse (the other 
21.4 per cent remained unchanged). 

Ollier preoperative eleclrocardiographic findings which may have influenced 
changes after sjTnpatheclomj’- were Q waves in any of the standard leads and 
T-wave changes in Leads II and III. One of the two patients operated upon 
who had abnormal Q Avaves in Lead I died during induction of anesthesia. In 
this patient the Q wave in Lead I was 2 mm. and the greatest amplitude of the 
RS-T deflections was 10 millimeters. The patient Avas thought to have died of 
myocardial infarction but permission for necropsy AA^as not obtained. No folloAv- 
up electrocardiogram has been olitained on the other patient. No untoAvard re- 
actions occurred in any of tlie fourteen patients AA'ith largo Q Avaves in Lead 
III. Postoperative electrocardiograms Avere obtained on four of these. One Q 
Avave of 4 mm. remained unchanged thirteen montlis after operation, and there 
Avere no other changes in the electrocardiogram. Another changed from a QS 
Avave of 10 mm. to a Q Avave of 7 millimeters. The axis improved but the T 
Avaves remained unchanged. In another tlie Q Avave changed from 3.5 to 1.5 
nun. Avithout anj' other change in the record. The fourth electrocardiogram re- 
mained unchanged. There Avere no abnormal Q Avaves in Lead II in any electro- 
cardiogram. 

No deleterious results occurred in any of the seven patients AA’ith inA’erted 
T Avaves in all three limb leads or in the fourteen Avith inverted T Avaves in 
Leads II and III. There Avere no abnormal Q waves in either group. 

Of the five patients Avith inverted T AA-aves in all three limb leads Avho had 
folloAV-up tracings, the electrocardiogi-ams improved in tAVo (all T Avaves be- 
came less inverted), remained unchanged in two, and became AA’orse in one. Of 
the four patients with inverted T AA'aA’es-in Leads II and III who had foUoAA’-up 
tracings, the electrocardiograms improved in three and remained unchanged in 
the other. 

Pour patients AA’ere thought to haA’e died cardiac deaths during the period 
of study. One died during induction of anesthesia before operation. This Avas 
the patient already referred to Avliose electrocardiogram- shoAved a Q AA'ave of 2 
mm. in Lead I Avith a maximal QRS deflection of 10 mm. but no other abnor- 
mality. One patient died in uremia after myocardial infarction ten days foUoAV- 
ing the first-stage operation. His electrocardiogram shoAved a slight depression 
of the RS-T segment with an inverted T AA’aAm in Lead I and a diphasic T wave 
in Lead II. Another died three Aveeks postoperatively from extensive coronarj' 
disease, but no fresh infarction could be found at necropsy. The RS-T segment 
was slightly depressed and the T AA’ave diphasic in Lead I. Another died from 
myocardial infarction AAdth normal blood pressure , tAVO yeai’s after sjunpathee- 
tomy. 

DISCUSSION OF INDIAUDUAL CASES 

A fcAV of the cases in AA’hich the electrocardiogram* improved (Pigs. 1 to 7 
and 8 to 12, inclusive) are as follows: 

Case 1. — H. L., a 31-year-old man, was admitted to tlie Massachusetts General Hospital 
on Sept. 9, 1942, because of severe hypertension discovered on a routine insurance examination 
four months previously. He had been ha-ving mild morning occipital headaches for two months 
and recently dyspnea on exertion. 

On physical examination his blood pressure was found to be 165/136. Auscultation of 
his heart revealed early diastolic and presystolic gallop sounds, which were substantiated by 
sound tracings. His eye grounds were classified as Grade 1 (variation in caliber of the 
vessels) . 

•The first tracing in each instance was taken before sympathectomy. The other trac- 
ings were taken at variable intervals after operation. 
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elevated; predominant clianges occurred in Lead II. Tliere was slight improvement in the 
electrical axis. Ten months later, at the end of 1943, over three years after operation, the 
blood pressure was still normal (120/76). 

Case 3.— J. S., a 46-year-old man, who was known to have had a blood pressure of 
170/110 six years previously, was admitted to the hlassachusetts General Hospital on Hov. 10, 
3940, with a liistory of having had dy.spnea on exertion and dizziness for three years, and 
severe headaches, weakness, and blurring of vision for three weeks. 

Pliysical examination revealed a blood pressure of 210/140, lying, and lSO/135, stand- 
ing. Exudates and hemorrhages were found in the eye grounds (Grade 3). 

His urine contained much albumin (3 plus), many coarsely and finely granular casts, 
and occasional red blood cells. An intravenous phenolsulfonphthalein test showed an excre- 
tion of 5 per cent of the dye in fifteen minutes and 40 per cent in two hours. The electro- 
cardiogi-am (Pig. 3) revealed slight left axis deviation, slight depression of HS-T segments, 
and inversion of the T waves in Leads II and III. A_ small Q wave (2 mm.) was present 
in Lead I and a slightly larger one (3.5 mm.) was present in Lead W. 

A bilateral sympathectomy was perfoimed in December, 1940, when renal biopsies re- 
vealed Grade 3 vascular nephritis and chronic pyelonephritis. 

Fourteen months after operation his blood pressure was found to be 106/60, but no 
electrocardiograms were taken. On March 25, 1943 (twenty-seven months after operation), 
his blood pressure was 195/145, lying, and 139/119, standing, and liis eye grounds failed to 
show exudates or hemorrhages. His phenolsulfonphthalein test showed a 23 per cent excretion 
of the dye in fifteen minutes and 55 per cent in two hours. His electrocardiogram was within 
normal limits — the ES-T segments and T waves in the three standard leads had become more 
elevated; maximal changes occurred in Lead II. There were no changes in the Q waves. He 
was well and doing full-time str-enuous work. Nine months later, three years after operation, 
his blood pressure was satisfactory, at 151/106. 





B. 


Elgr. 4.— W. T., 
pressure, 200/145. B, 
pressure was 122/76. 


a man, aged 33 years. A. Electrocardlogrram taken Mav 6 1042 - blond 


on admitted to the Massachusetts General Hospital 

froMM heaSeT f' ^'ears, incapacitating 

ontal headaches for several months, and iveakness for four months. He had also had 
palpitation and slight dyspnea on exertion. 

fa-v ™«iatioti revealed a blood pressure of 200/145 and Grade 2 eye grounds 

f L f at the upper limits of normal by teleroentgenogram An 

electrocardiograni (Fig 4) revealed a depression of the ES-T segment in Lea^ds TL and m 
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Six months after operation, his blood pressure was 132/76, but unfortunately electro- 
cardiograms wore not tahen at that time. On May 3, 3943 (one year after operation), his 
blood pressure was 130/90, he was doing strenuous work, and lie felt well. His electro- 
cardiogram was now within normal limits. The BS-T segments and T waves had become more 
elevated in the three leads; maximal changes again occurred in Lead II. 

Case o. — M. B., a 43-year-old woman, was admitted to the ISIassachusetts General 
Hospital on Nov. 15, 1939, because of hypertension which had been diagnosed two years pre- 
viou.'-ly. She had been having headaches for three to four j'ears and blurring of vision for 
two years. 



Fig- o . — M. B., a woman, aged 43 years. A, Electrocardiogram taken Oct. 15, 1M9: 
blood pressure, 260/110 (lying), 190/110 (standing). li. Taken Eec. 26, 1939. <7, TaEen Feb. 
9, 1940. jy. Taken Nov. 25, 1941 ; blood pressure. lSO/110 (lying). 140/100 (standing). 
Sympathectomy Doe. 21, 1939. 


On physical examination her blood pressure was found to be 200/110, lying, and 190/110, 
standing. Her eye grounds were classified as Grade 3. Teleroentgenograms revealed en- 
largement of tlie left ventricle. An electrocardiogram (Fig. 5) showed depression of the 
ES-T segments in Leads I and II and .slight elevation in Lead III. T waves in I.eads I and 
II were inverted. 

Sympathectomy was performed on Dec. 21, 1939. The blood pressure measured 138/02 
three weeks later and 177/110 two years after operation. Electrocardiograms taken five days, 
seven weeks, and twenty-six months, respectively, after operation showed a gradual return to 
normal. The ES-T segments in Leads I and II became elevated, and those in Lead HI de- 
pressed. The T wave in I,ead III was now inverted. 

These records are of interest in that the relative postural hypotension was apparently 
sufficient to relieve the heart of considerable strain over a period of more than two years, 
as in Case 3. During this time the patient was feeling well without’ symptoms. Her usual 
pressure at home was probably well below our figures.^ 
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Case 6. — M. 0., a 39-year-old woman, was admitted to the Massacliusetts General Hospi- 
tal on Nov. 11, 1941, with a history of having had headaches, dizzy spells, moderate dyspnea, 
palpitation, and occasionally substernal pain radiating down the left arm on climbing a 
flight of stairs, for about five months. 

On physical examination her heart was slightly enlarged, her blood pressure was 180/110, 
and her eye grounds showed a-v nicking. An electrocardiogram revealed depression of the 
RS-T segments, inversion of the T waves in Leads I and H, and elevation of the T waves 
in Lead III (Fig. 6). 

A sympathectomy was performed in March, 1942. Over thirteen months later her blood 
pressure was loO/lOO, and her electrocardiogram was almost normal. There were striking 
changes in the BS-T segments and axis. ES-T segments and T waves had become elevated 
in Leads I and II and depressed in Lead HI. 



woman, aged 39 years. A, Electrocardiogram taken Dec. 4, 1941; 
March^T^l^g”^’ Taken April 26, 1943 ; blood pressure, 150/100. Sympathectomy 


Case 7.— A. R., an IS-year-old man, was admitted to the Alassachusetts General Hospital 
on Jan. 15, 1942, with a history of having had headaches for six months and palpitation, 
blurring of vision, mental confusion, and right facial paralysis for three days. 

On physical examination his blood pressure was found to be 190/140. There was slight 
pulsus alternans and his eye grounds showed exudates and liemorrhages. By teleroentgeno- 
gram his heart was moderately enlarged. Hi.s electrocardiogram showed depression of the 
ES-T segments and inversion of the T waves in Leads II and IH (Fig. 7). 


A right lumbar sjunpathectomy and excision of a renal tumor (pheochroraoevtoma) were 
performed on Feb. 10, 1942. *' 

On Nov. 23 1942 (nine months after operation), he was feeling well, and his blood 
pressure was 116/7G. His electrocardiogram was now witliin normal limits. The ES-T sea- 
meuts and T waves had become more elevated, but the T wave in Lead III wa<» still in- 


GenerM Hotita^f Amn Professor, entered the Massachusetts 

024/901 T; « 1 ^ tonsUlitis. His blood pressure was then normal 

„ 3 ectea on the fflscover, of roadingB of <™«ation; he 

Physical examination at the time of his second hospital admission showed un i 

.(.00 except fee the h,T.ec,en,ien of WO/fSO. Ophthciopic cx/o^a'lTrsLwea Go aTe”^^^ 
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irjc- 7 A R a man asod 18 years. A, Electrocardiogram taken Jan. 20, 1942 : blood 

pressuref 190/140. "u. Taken Nov. 23, 1942; fclood Pressure 110/76. Right lumbar sj'mpa- 
thectomy and excision of pheochromocytoma, Feb- 10, 1942. 


TTio. o T, H DeW.. a man, aged 39 years. A, Electrocardiogram taken May 30, 19^ 

blood^f^afure 190/130. sf Sen June 21. 1944; blood pressure, 145/105. Sympathectomj 
May 31 and June 9, 1944. 
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liypertensive and Grade 3 arteriosclerotic fundi. Tlie. electrocardiogram (Fig. 8, A) showed 
normal rhythm (rate 70), normal axis, and late inversion of the T waves in Leads I and 
CFc, characteristic of “left .ventricular strain.” The blood was normal. The urine showed 
0 to a very slight trace of albumin, with specific gravity of 1.018 to 1.024, and a few blood 
cells in the sediment. The renal function (phenolsulfonphthalem) test gave a reading of 
62 per cent in one hour. Blood nonprotein nitrogen was 22 to 35 mg. per cent. 

Bilateral lumbodorsal sympathectomy was carried out May 31 and June 9, 1944, without 
complications. Ho was discharged June 23 with a blood pressure of 130/95. His electro- 
cardiogram (Fig. 8, B) taken on June 21, when his pressure was 145/105, showed normal 
ihythm (rate 85), with a low but upright T wave in T.^ad I and upright T waves in all 
three precordial leads — a marked improvement. 

Case 9. — M. A. W., a 50-year-old female clerk, entered the Massachusetts General Hospi- 
tal, Sept. 18, 1944, because of hypertension of nine years’ loioivn duration, and right hemi- 
plegia in the fall of 1943, which had left little residuum. There had been some dyspnea on 
effort. 



A. 


B. 


,, . 9. — M. A. W., a woman, a&ed 50 years. A, Electrocardiogram taken Sept. 15, 1944 ; 

blood pressure, 240/130. B, Taken Oct. 9, 1944; blood pressure, 170/110. Sympathectomy 
bept. 19 and 29, 1944. 


Physical examination on admission showed nothing amiss except for slight cardiac en- 
largement and a blood pressure of 240/130. Ophthalmoscopic examination showed Grade 2 
liypertensive and Grade 3 arteriosclerotic fundi. X-ray examination showed a heart of full 
size, normal aorta, and clear lungs. The electrocardiogram (Fig. 9, A) on Sept. 15, 1944 
showed normal rhythm (rale 70), slight left axis deviation, with almost flat, diphasic T waves 
in Lead I, very low T waves in Leads II and CP„ liigh B waves in Leads CF, and CF„ and 
inverted T waves in Lead CFj. The blood and urine were normal. The renal function 
(phenolsulfonphthalein) test showed 55 per cent in one hour. Blood pressure reactions to 
posture, cold, and sedation were characteristic and favorable. 


Bilateral lumbodorsal sjTiipathectomy was done on September 19 and 29 without com- 
plications. She was discharged from the hospital October 20 with a blood pressure reading 
electrocardiogram (Fig. 9, B) on October 9, when the pressure registered 

, ^ w m "■ axis deviation, and low but 

upright T waves in Leads I, GF„ and CB.—a slight but definite improvement. ' 


Case 10. B. K., a 27-year-old housewife, entered 
Bee. 9, 1943, for hypertension which had been discovered 
no sjunptoms. 


the Massachusetts 
in January, 1943. 


General Hospital 
There had been 


■nTOrtaSf (Sri6T°"o ”1 ^ aWmalitta eitcept for the 

j-pertoosioo (..0/160), Ophtl.altnoeeop.e oaonunation revealed Grade 2 h,pDrtoasivo faadi. 
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X-ray. examination showed apparently normal heart, lungs, and pyelogram. Tlie electro- 
cardiogram (Pig. 10, A), taken December 13, showed normal rhythm (rate 85), with normal 
limb leads but inverted T waves in Lead CP,, and diphasic T waves in Lead CPf The blood 
was normal and showed 31 mg. per cent of nonprotein nitrogen. The urine showed slight 
albuminuria, specific gravity up to 1.018, and a moderate number of white and red blood 
cells without casts in the sediment. The renal function (phenolsulfonphthnlcin) test registered 
60 per cent in one hour. 

Bilateral lurabodorsal sympathectomy was carried out on December 18 and 29 without 
complications. She was discharged January 18, 19-14, with a blood pressure reading of 
160/118. An electrocardiogram (Pig. 10, 71) taken January 14, when the blood pressure 
measured 180/110, showed normal rhythm (rate 80) and normal T waves in all six leads, a 
distinct improvement in the precordial leads over the preoperative record. 
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A. 


B. 


Eig^. 10. — B. K., a woman, aged 27 years. A, Electrocardiogram taken Dec. 13, 1943 ; 
blood pressure, 220/100. B, Taken Jan. 1-t, 1944 ; blood pressure, 180/110. Sympathectomy 
Dec. 18 and 29, 1943. 


Case 11. — H. Z., a 50-year-old farmer, entered the Massachusetts General Hospital April 
7, 1944, because of headaches and hypertension dating back five years. His history other- 
wise revealed rheumatic fever twenty-eight years before, hemorrhage from a gastric ulcer 
in 1939, and renal colic during the past year. There were no cardiac symptoms. 

Phj’sical examination showed no abnormalities except for hypertension (230/170), slight 
cardiac enlargement, and a slight apical systolic murmur. Ophthalmoscopic examination re- 
vealed Grade 2 hj-pertensive fundi. X-ray study showed slight enlargement of the heart, 
tortuous calcified aorta, clear lungs, and a normal pyelogram. An electrocardiogram (Pig- 
11, A) taken April 10, 1944, showed normal rhythm (rate 70), slight to moderate left axis 
deviation, upright T waves in Lead I, almost flat T waves in Lead n, and low but upright 
T waves in Leads CPi and CP 5 . The blood and urine were normal. Serum nonprotein 
nitrogen was 28.5 mg. per cent. The renal function (phcnolsulfonphthalein) test registered 
65 per cent in one hour. 

Lumbodorsal sympathectomj' was carried out April 12 and 22, and tlie patient was dis- 
charged May 10 with a blood pressure measurement of 160/90. An electrocardiogram (Pig. 
11, B) taken May 9, when the blood pressure registered 160/100, showed normal rhythm 
(rate 70), very little left axis deviation, and normal T waves in all six leads — a distinct 
improvement over the preoperative record. 

Case 12. — E. V. H., a 44-year-old male iiliysician, entered the Massachusetts General 
Hospital Aug. 1, 1944, for studj^ and treatment of hypertension of three years' duration. His 
blood pressure, previously normal, was found to register 165, systolic, and 120 to 130, di- 
astolic, in 1941, when he was examined because of the onset of headaches. Since that time 
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Fig. 11. — H. Z., a man, aged 50 years. A, Electrocardiogram taken April 10. 1944 ; 
blood pressure. 225/130. B, Taken May 9, 1844 ; blood pressure, 160/100. Sympathectomy April 
12 and 22, 1944. 
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Pi^sure, 21^/13?." A, ™aken taken Aug. 2 1944 

Aug, S and 18, 1944. ^ pressure, 160/105. S^pathectomj 
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the pressure had increased, Avith a high point of 250/165. There had been two brief episodes 
(lasting a few days) of numbness and tingling of the right arm and leg, disturbance of 
speech, blurring of vision, and difficulty in locomotion, which cleared without any sequelae. 

• His headaches continued. He had stopped work in January, 1944. His past history was 
uneventful except for bilateral renal stones dating back sixteen years. There had been 
no cardiac symptoms. 

On admission, his physical examination showed no important abnormalities except for 
a blood pressure of 210/130. The ophthalmoscopic examination showed Grade 2 hypertensive 
fundi. X-raj' examination showed heart size and aortic shadow within the normal range, and 
small bilateral renal calculi. The electrocardiogram (Fig. 12, A) on August 2 showed normal 
rlij-thm (rate 70), slight to moderate left axis deviation, very low T waves in Lead I, and high 
H waves and verj' low T waves in Leads CF< and GFc. The blood was normal. The urine showed 
a constant slight albuminuria with highest specific gravity (concentration test) at 1.015, oc- 
casional hyaline casts, and a few red and wliite blood cells. Eenal function (phenolsul- 
fonphthalein) test showed readings of 20 and 43 per cent in one hour. The blood nonprotein 
nitrogen was 24 mg. per cent. 

Bilateral lumbodorsal simpathectamj- was carried out on August 8 and 18. There were 
no complications. Ho was discharged from the hospital September 6. The blood pressure 
on September 5 measured 165/110. The electrocardiogram (Fig. 12, B) on August 30, twelve 
days after the second stage of the S3*mpathectomy, when his blood pressure was 160/105, 
showed normal rhythm (rate 90), with normal axis and normal T waves in all six leads 
(I, IT, m, CF., CF<. and CFj) — an improvement over the preoperative record. 

DISCUSSION 

This study tvas made not only to determine what alterations occurred in 
the electrocardiogram after adequate splanchnic resection but to correlate these 
alterations with other changes occurring in hypertension before and after op- 
eration so that the clectrocardiogi’am could be utilized as an aid in the pre- 
diction of results to be obtained from surgerju 

As prenously stated, improvement in the electrocardiogram following var- 
ious operations for hj^iertension has been mentioned several times.^'® Feet and 
co-'woi*kers‘‘ were the only ones to give any statistical data. They found the 
electrocardiogram to be improved in 53 per cent of 127 patients. Barnes* 
showed serial postoperative tracings of a patient who made an excellent recov- 
ery. None of the observei’s gave criteria for improvement, and none made any 
correlations. We believed that criteria should be set up upon which future com- 
parisons could be made and by which minor changes, such as those associated 
with unimportant variations in heart rate," occurring in any electrocardiogram 
could be eliminated. That we utilized minimal criteria on onlj- five occasions 
should be emphasized. The preoperative and postoperative tracings were always 
taken in the same positions, since changes in position have been showm to affect 
the fonn of the electrocardiogi'am.*® 

Criticism could be made that our statistics are based only on patients 
upon fvhom postoperative electrocardiograms were taken and that patients who 
died during the same period should have been included to give a truer picture. 
So far as we were able to ascertain, only thirteen of the 209 patients selected for 
study of the limb leads had died wlien this report was made. Assuming that 
the same mortality rate obtained in the group upon whom follow-up electro- 
cardiograms were taken, our statistics would have been affected adversely by 
only 5.4 per cent. It is true, of course, that a number of the graphs included 
in the tables presented contain too few individuals to be statistically significant, 
but it is of some interest to present them as we have found them for compari- 
son with future data when many more eases are available for analysis. 

Concerning correlations made with the postoperative electrocardiogram, 
there are several points of interest. The fact that chances for improvement in 
the electrocardiogram increased as the preoperative eye-ground picture became 
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woi’se' is important since the prognosis in medically treated series becomes worse 
as eye-gronnd changes become more markedd^ One would expect the electro- 
cardiogram to be worse in patients with the more striking renal changes; there- 
fore, the lack of such correlation in our eases is of significance. The absence of 
definite positive correlation between the postoperative electrocardiogram and the . 
preoperative heart size, the patient’s age, and the known duration of hj^ier- 
tension can be partially accounted for by the lack of definite positive coiTelation . 
between' tliese and the electrocardiogram before operation,' It is important, 
however, that chances for improvement, in the electrocardiogram were not de- 
creased in those with enlarged hearts, in those with a long-standing history of 
hj’pertension, or in those in the upper age brackets. 

It is difficult to obtain a reliable diastolic blood pressure with which com- 
parisons may be made since there are so many variables: the general state of 
the patient, tlie attitude, the acuity of hearing of the pei’son taking the pressure, 
and the position of the patient. Despite inaccuracies, we believe that definite 
positive and negative correlations between postoperative electrocardiographic 
changes and preoperative or postoperative diastolic pressures are of considerable 
value! The greater incidence of improvement in the electrocardiograms of the 
patients with higher preoperative diastolic pressures is encouraging since it is in 
this group that relief of strain on the heart is most important. The symptoms of 
chest pain .and dyspnea may be misleading unless they are carefully evaluated 
(both may be due to causes unrelated to hj’pertension or myocardial or coronary 
insufficiency) . Nevertheless, they were included in our series of correlations, as 
Avere Q and T waves, in order to detennine their value in deciding the ad- 
visability of operation in a given individual. Believing that it Avas important 
that improvement have duration, changes in the electroeardiogram Avere cor- 
related Avith the length of time after operation at AAiiich they Avere taken. The 
changes in electrocardiograms taken later than six months after sympathec- 
tomy were important from another vieAvpoint — ^they represented specific results 
of splanchnic resection since nonspecific effects of operation doubtless had dis- 
appeared by this time. A further report Avill be made in the future of foUoAA'- 
up studies along this line. 

The folloAA’^-up study of hypertensive patients on Avliom precordial leads have 
been done has to date been too brief for adequate appraisal of the changes in them 
since the majority of the electrocardiograms in this group Avere taken less than 
a month after sympathectomy, since nonspecific effects of the operation can- 
not be ruled out, and since a folloA\^-up study six months or a year after op- 
eration Avill be needed to confirm the present evidence of improvement, Hoaa’’- " 


CAur, in spite of that fact and the present difficulties in obtaining a series of 
precordial leads Avhich are accurately placed, the CAudence that improvement 
does occur seems incontrovertible.' In electrocardiography the only comparable 
reversals in the precordial T Avaves that are Avell recognized at present occur Avith 


recovery from acute pericarditis, evolution of and recovery from myocardial in- 
farction, and improAument after coronary insufficiency. Although the eAmlution 
of the precordial leads has not yet been adequately folloAved up in the case 
of hypertensh’-e patients Avho have not been subjected to lumbodorsal sympathec- 
tomy for us to state definitely tliat such striking changes do not ever occur in 
tliem, no such improvement has been noted in those on whom we have obtained 
serial records to date. A careful long-term study of such cases is needed 

To explain these changes of the T Avaves toward the normal we shall prob- 
«My !.are to Imow more about the physiologic effects of sympathectomy and 
also more about the actual mechanism of formation of the T wave itself From 
this senes we can conclude that definite changes toward the normal do occur 
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in the T waves of the preeordial leads in a considerable percentage of hyperten- 
sive patients after Inmhodorsal sympathectomy and that these evidences of im- 
provement probably mean a lightening of the load (strain) on the left ventricle, 
a perfectly plausible effect of the reduction of the blood pressure from ex- 
cessively high levels. 

SUMMARY AND CONCLUSIONS 

• A study has been made of the effect of lumbodorsal sj^mpathectomy (Smith- 
wick’s technique) on the electrocardiograms of hypertensive patients. Two 
groups of eases were. used, an earlier one for the limb leads and a later group 
for preeordial Leads CFo, CF^, and CFg after they began to be taken routinely 
in the study of the hypertensive patient. Lead W was considered inadequate 
for this statistical analysis because of its inaccuracies. Although the limb leads 
and the multiple preeordial leads were studied in two different groups, the con- 
clusions concerning the limb leads of the cases of the earlier series were evidently 
applicable to the limb leads of tlic cases of the later series Avhieh formed the basis 
of the preeordial lead studj'-. It was generallj’’, though not always, true that the 
changes in Lead I paralleled those in Leads CF^ and CF^ ; the last named was 
probabl}’- the most sensitive of all. 

A strildng improvement in the electrocardiogram, both in the limb leads and 
in the preeordial leads, has been found in many cases of hypertension after 
radical lumbodorsal sympathectom}^ details of which follow. 

There has remained to be carried out a similar study of the evolution of 
the electrocardiogram in hj^pertension without the specific lumbodorsal splanch- 
nic resection and a report concerning this follows in the third paper of the pres- 
ent series. 

A. Limh-Lead Elccii'ocardiogmvis . — Two hundred nine consecutive pa- 
tients upon whom lumliodorsal sjunpatheetomies were performed at the Massa- 
chusetts General Hospital were selected for study of the limb-lead electrocardio- 
gram. Eighty-seven postoperative electrocardiograms were compared with those 
taken before operation on sevent 3 ’’-four patients whose records ivere abnormal 
to start with. 

Postoperative electrocardiogi'aphic changes (changes in the T wave in Lead 
I. tlie electrical axis, and electrocardiogram as a whole) were correlated with 
preoperative eye-ground findings, lieart size by teleroentgenogram, sjunptoms 
(dyspnea and chest pain), and the diastolic blood pressure on admission. They 
were also correlated with pathologic findings in renal biopsies, the length of 
time after operation at which tlie electrocardiograms were taken, and improve- 
ment in the diastolic blood pressure later than six months after splanchnic re- 
section. Improvement in the T wave in Lead I was correlated with the degree 
of abnormality of the T wave before sjunpatheetomy. 

Criteria for improvement wei’e established by which most minor nonspecific 
changes in the electrocardiograms were eliminated from’ our statistics. Improve- 
ment or unfavorable change in the T wave in Lead I or the electrical axis meant 
an elevation or depression of at least 1 mm. in the T wave and a shift of at least 
15 degrees in the axis. Eeferring to the electrocardiogram as a whole, improve- 
ment meant improvement in the T wave or axis with or without changes in the 
other, or considerable improvement in one with only slight unfavorable change 
in the other. Unfavorable change in the electrocardiogram meant undesirable 
change using the same standards. 

From these analyses and correlations, our limb-lead findings were as fol- 
lows : 

1. Electrocardiographic manifestations of hypertensive heart disease were 
frequently reversible by adequate splanchnic resection. 
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2, When changes occurred in the RS-T junctions and segments, the shift 
occurred in the same direction as that of the T waves but to a lesser degree. The 
RS-T jimction and RS-T segment changes sometimes were insignificant and diffi- 


cult to measure. ^ i 

3. Improvement in the T wave of Lead I consisted of an elevation of the 

T wave. 

4. Associated with the improvement in the height of the T wave in Lead I, 
the most frequent alteration in Lead III was a lowering of the T wave. Manj'' 
times an upriglit T wave in Lead III became inverted, as it should be normally 
in many individuals. 

5. Less frequently, improvement in Lead III consisted of elevation of the 
T wave. This change occurred in cases in which the T wave had been depressed 
by the hypertension. 

6. Improvement in the T wave in Lead I was more marked than that in 
Lead III; therefore, when a change was measurable in Lead II, it was in the 


same direction but usually to a lesser degree than that in Lead I. 

7. When improvement consisted of elevation of the T waves in Lead III, 
as well as in Lead I, the predominant change was in Lead II. 

8. According to our criteria, the T wave in Lead I improved in 47.1 per 
cent, became worse in 8.1 per cent, and remained unchanged in 44.8 per cent. 
The axis improved in 29.8 per cent, became worse (more to the left) in 12.7 per 
cent, and remained unchanged in 57.5 per cent. The electrocardiogram as a 
whole improved in 57.5 per cent, became worse in 12.7 per cent, and remained 
unchanged in 29.8 per cent. 

9. As the preoperative eye-ground findings and diastolic blood pressure 
readings on admission became worse, chances for improvement in the electro- 
cardiogram increased. 

10. No positive correlation could be found between postoperative electro- 
cardiographic findings and preoperative heart size, known duration of the hy- 
pertension, sjunptoms (dyspnea and chest pain), or the patient’s age. 

11. The presence of inverted T waves in Leads I, I and II, II and III, or 
I, II, and III preoperatively did not alter the operative or electrocardiographic 
prognosis unfavorably. They appear to be in themselves indications for surgery 
rather than contraindications. 

12. The presence of abnormal Q waves in Lead III did not alter the prog- 
nosis adversely, but it is possible that abnormal Q waves in Lead I did so.’ 

13. Improvement in the electrocardiogram is more or less permanent — ^the 
incidence of improvement or unfavorable change varied little with the length 
of time following operation. 

14. Improvement in the electrocardiogram was associated with improve- 
ment of the diastolic blood pressure. 

15. The deeper the inversion of the T wave in Lead I before operation, the 
greater was the chance for postoperative improvement in the electrocardiogram. 

B. Precorduil Leads of the Electrocardiogram.— Comjyarsitive studies'^have 
been made of the preoperative and early postoperative preeordial eleetroeardio- 
grains (Leads CF 2 , CP^, and CP.-,) taken on forty-eight patients who have had 
the Smitlnyick lumbodorsal sympathectomy for hypertension. In three cases 
electrocardiograms taken approximately one year after operation were also avail- 
able for comparative study. 


There were no changes in the QRS complexes or S-T segments which cou 
bo considered sigmfleant or of help in evaluating improvement in the no; 
operative preeordial eleetrocardiograms, but further follow-up of this point 
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The results of studies of the T-wave changes were as follows : 

1. There were no changes early postoperatively in twenty-five (52.1 per 
cent) of the tracings of the forty-eight eases studied. 

2. In nineteen cases, or 39.6 per cent, there was definite improvement in 
the early postoperative preeordial electrocardiograms. 

a. There was definite improvement in the T waves in Ijoth Leads CF^ and 
CF 5 in eleven cases. 

i. In fiive cases there was a marked change toward the normal with either 
one or both of the T waves which had been inverted becoming upright. 

ii. In two cases tlie T waves were less deeply inverted. 

iii. In five cases there was an increase in amplitude of low T waves of from 
1 to 5 millimetei's. 

b. There was definite improvement in the T wave in Lead CP 5 alone in 
eight cases. 

i. In two cases there was marked improvement, inverted T waves becoming 
upright and of normal voltage. 

ii. In six cases there was an increase in the low T wave voltage of from 0.5 
to 1.5 millimeters. 

There were three cases on which follow-up tracings were available a j'ear 
after operation. In the first of these ca.ses there was no appreciable change in 
the precordial leads twent 3 '-three daj's postoperatively, but tliere was definite 
improvement one .year later. In the second ease there was no significant change 
either in the record taken twent.v-eight daj's postoperativel.y or in the one taken 
one 3 *ear postoperatiyely. In the third case there was a slight progressive 
change for the woise twelve days and one year after operation ; a tracing taken 
three and one-half months afterward "was normal. This patient, however, had 
definite angina pectoris which was occurring rather frequentlj', and her coronary 
insufficiency probably accounted for the changes. In compiling our statistics 
onlj’^ the immediate postoperative recoi’ds, however, were considered. 
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THE ELECTROCARDIOGRAjil IN HYPERTENSION 

III. Electrocaediograms of .Hypertensive Patients Followed for a Long 
Time "Without Splanchnic Resection in Comparison With 
Those in Patients Who Had Had Splanchnic Resection 

Eduardo Joaquin Canabal, M.D., SIontevideo, Uruguay, 

Hugo F. Warneford-Thoi^ison, Buenos Aires, Argentina, and 

Paul D. White, M.D., Boston, Mass. 

M uch lia.s been written on electrocardiography in hypertension, as many 
liapere and books can prove.^*^® Modifications and abnormalities that 
occur in the QRS complex, as well as in the RS-T junction and RS-T segment, 
the T waves, and the electiucal axis have been described and discussed. 

But a new aspect of this interesting subject ivas presented before a meeting 
of the New England Heart Association over a year ago, by White, Smithwick, 
and associates.^' Two hundred nine consecutive patients, upon whom lumbo- 
dorsal sympathectomies were performed at the ilassachusetts General Hospital, 
were selected for study by these authors,* eighty -seven postoperative limb lead 
electrocardiograms were compared with the seventy-four records taken before 
operation on seventy-four patients, and forty-eight precordial electrocardiograms 
on as many patients were compared before and after operation. 

They studied, in particular, the changes produced in the T weaves in Lead I, 
in the electrical axis, in multiple precoi'dial leads, and in the electrocardiogram 
as a whole. Prom this analysis they concluded as follows: “A striking 
improvement in the electrocardiogram, both in the limb leads and in the pre- 
cordial leads, has been found in many cases of hj^pertension after radical lumbo- 
dorsal sympathectomy,” and “There has remained to be carried out a similar 
study of the evolution of the electrocardiogram in hypertension without the 
' specific liimbodorsal splanchnic resection and a report concerning this follows 
in the third paper of the present series.” 

Having become interested in these electrocardiographic changes following 
splanchnic sympathectomy, Ave sought in vain for published reports of com- 
parable and adequate control studies, that is, studies of the evolution of the 
hypertension electrocardiogram in patients without such operation. Hence, we 
Jiave collected as many such data as -we have as yet been able to find which were 
liased on adequate criteria. This search has been difficult and has yielded only 
fifty cases. 

We obtained part of our material from the private files of one of us 
(P. D. W.) and from the records of the Massachusetts General Hospital. We 
were able to complete our control group through the kindness of the Heart 
Station of the Boston City Hospital, and Drs. Samuel A. Levine, James P. 
O’Hare, and Louis Wolff, to whom we are particularly indebted because they 
put at our complete disposal their ovm files of hypertensive patients’ records 
and electrocardiograms and those of the Hypertension and Renal Clinics of the 
Peter Bent Brigham Hospital and of the Beth Israel Hospital, respectively. 

We shaU lierewith compare the spontaneous evolution of the electroeardio- 
^;^of hypertensive patients with the changes already observed and pointed 

5^t>c<?ivecl for public.ition Jart. IG, 
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out ou the electrocardiograms of patients upon whom Dr. Reginald H. Smith- 
wick performed lumbodorsal splanchnic resection, using the same criteria pre- 
sented by White, Smithwick, Mathews, and Evans. 

At the very beginning, our criteria for selection of the control group of 
hypertensive patients were : 

1. Age: under 50 years when first seen. 

2. Duration of follow-up ; at least five years. 

3. No other kind of heart disease present at the start or later. 

4. At least three electroeardiogi-ams. 

Because these conditions Avere difficult to meet, we were forced to modify 
them a little. We stretched the age limit to 54 years (for six cases only) and 
selected some eases Avho had had only two electrocardiograms instead of three 
but who had had tracings taken over a period of five years or more. We went 
thi’ough several hundreds of records in order to get these final fifty cases, and 
we carefully revicAved their corresponding records and electrocardiograms (240 
tracings) . In some of the cases the routine precordial Lead IVP Avas included 
in the folloA\'-up study, but in none AA'ere multiple precordial leads obtainable 
for comparison since such leads have onl,y recently been introduced for routine 
use. 

Our control series Avas composed of tliirty-four AA'omen and sixteen men. ' 

The average age of the patients Avhen first seen Avas 41 yeai’s and 8 months, 
and the average duration of folloAA'-up Avas eight years and four months (range: 
five to tAventy-one years). If Ave take into consideration this last figure, it be- 
comes easy to see Avhy Ave AA^ere unable to include in our series several cases with 
veiy high and long-standing blood pressure levels or AA'ith malignant hj^ier- 
tension. AVe IcnoAV hoAV quicldy, at times, the evolution of such cases leads to 
death. 

FolloAAung the ncAv criteria for the selection of cases, Ave divided our pa- 
tients into tAvo groups according to their age : 

Group 1 : Patients less than 50 years of age. 

Group 2 : Patients more than 50 years of age. 

The first group was, by far, larger than the second and consisted of forty- 
four cases out of the total of fifty; riventy-nine Avere females and fifteen Averc 
males. Five females and one male AAmre included in the second group. 

Table I 



Table II. “Spontaneous” Evolution of the Electrocakdiogram in Hatpertension 


Questionable to slight improvement 

Unchanged 

Worse 


Table III. Group 1; Patients Under 50 Years of Age 

numbe r of cases improved unchanged WORSE 

29 i 5 ii io~ 

15 - 6 9 


Females 

Males 
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After a careful stuay of these fifts' eases we arriyed at findings expressed 

in Tables II and III. 41 fhaf 

Table III shows that the five improved cases were females. We fomid tha 

the improvement was slight, at the most, in three instances and only l^sh^le 

in the other two. Let ns present these five cases m brief and see which have 

shoBHi improvement in the electrocardiogram. 

CVSE 1 .— M. E. %Yas 34 rears of age at onset of follow-up study. Duration of follow-up 
was twenty-one years. Seven electrocardiograms were taken during tlie period of observation. 
The first tracing showed T, to be positive (+1.5 mm.) and the S-T segments isoelectric , the 
blood pressure at that time measured 172/98. In the last electrocardiogram T, was 
but liigher (+3 mm.) than in the first record. The S-T segment remained isoelectric, and the 
axis was unchanged (+50 degrees) . No electrocardiographic changes were detectable m the 
other five tracing.s. The heart size remained within normal limits during the first ten years. ■ 
The eye grounds were normal at the first two examinations; there was .only a very m 
vascular sclerosis at the time of the last ophthalmoscopic examination. The patient was always 


essentially asymptomatic. . ' 

Case 2. — M. G., 41 years of age, was followed for five year.?. The first tracing showed 
depression of the S-T segments in Lead I (+1.5 mm.), inversion of the T waves in Leads I (-3 
mm ) and H, and elevated S-T segments in Lead IH, with an axis angle of -11 degrees. 
The blood pressure measurement was 225/140. A second electrocardiogram taken five years 
later showed that the S-T segments in both Leads I and H had become isoelectric, that T, 
was less negative (-1 mm.), and that T, was now positive. The electrical axis had shifted, 
however, more to the left (-22 degrees). The patient was never under digitalis therapy. 


Case 3.— A. J., 48 years of age. Duration of follow-up was eight years. ^ Six electro- 
cardiograms were taken. In the first of them, the T waves in Lead I were positive (2 mm.). 
The blood pressure readings were 180/100. In the last tracing Ti had become higher (3 mm.) 
and the electrical axis had shifted from +25 to +59 degrees; the blood pressure at that time 
was 210/110. The heart showed the typical picture of left ventricular enlargement on 
fluoroscopy. 


Case 4.— G, iIcN., 49 years of age, was observed for five years. ^ There was a question- 
able improvement of the electrocardiogram in this case. In the first tracing the S-T segments 
in Lead I were slightly depressed but became isoelectric later. The electrical axis remained 
unchanged, and the blood pressure readings were always around 175/110. 


Case 5. — A. B., 42 years of age, was followed for nineteen years. There was a ques- 
tion of slight improvement in this case. Tluree electrocardiograms were taken. The S-T 
segments in Lead I, at first depressed, became isoelectric and Tj appeared to be more inverted 
in the first and second tracings than in the last. The electrical axis became more negative 
(from -36 to -58 degrees). The blood pressure rose from 160/110 to 210/120. 


Of the remaining thirty-nine eases in this group, the electrocardiogram was 
nnehanged in twenty and became woiBe in nineteen. 


Tabee rVL Group 2 ; Patients Aged 50 to 54 Years 



NUMBER OP CASES 

IMPROVED 

UNCHANGED 

WORSE 

Females 

5 

- 

3 

2 

Males 

1 

- 

- 

1 

Total 

6 

- 

3 

3 


A strilung point in the entire series (both groups) was the lack of im- 
provement. 


DISCUSSION 


The percentage of hypertensive cases showing any improvements at all in 
tlie present electrocardiographic study during a period of several years is 
decidedly low. "We should add that this improvement is but slight or even but 
questionable, at times, as can be seen from the analysis of the five eases in which 
any possible change for the hetter was found. 
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Our study revealed the fact that the spontaneous evolution of the electro- 
cardiograms of hypertensive patients is unfavorable in 50 per cent of the cases 
followed for some years, with no change in 40 per cent more. It would seem 
probable that a longer follow-up would show still more deterioration. 

This shift from nonnal to more or less abnormal tracings depends in part 
on the length of time elapsed since hypertension appeared but chiefly on the 
levels reached by the blood pressure. In other words, the electrocardiogram has 
more chance of getting worse and woi-se when the blood pressure readings be- 
come higher and higher (especially the diastolic) as time goes on. 

We have been told by others of the spontaneous improvement of the electro- 
cardiogram in occasional case.s, but from our recent experience we suspect that 
such instances are decidedly unusual or are to be ascribed to a compliealion, in 
particular, recoverj* from coronary insufficiency. 

The age of the patient seems also to influence, in part at least, the ulterior 
course of the electrocardiogram. Tlie older the patient the more chance for 
his serial tracings to become worse with the progression of time and with a long- 
standing hypertension. The younger patients are likely to stand high blood 
pressure better than do the aged. This is not always true, however, because 
some eases do show, in a relatively early stage of hypertension, strikingly un- 
favorable changes although the blood pressure is not alarmingly high, in con- 
tradistinction to other cases which stand a very marked rise of blood pressure 
for a long period without any appreciable electrocardiographic change. Let ns 
noAV present in brief a ease which illustrates this resistance. 

Case G. — J. W., 24 years of age, sought medical advice because of headaclies and pain 
in the back of her neck of six months’ duration. At that time the heart was not enlarged 
by clinical examination, but fluoroscopy showed a moderate prominence of the left ventricle and 
a marked tortuosity of the aorta. A faint apical systolic murmur was present, and the aortic 
second sound was accentuated and louder than the pulmonaiy second sound. The blood 
pressure was 190/150. The eye-ground examination showed the arteries to be moderately 
narrowed in caliber and pale in color; a slight degree of a-v nicking was also present. The 
electrocardiogram was quite normal (T, upright and 3 mm. high, T. slightly inverted, S-T seg- 
ments isoelectric, axis angle 42 degrees). The patient was followed for eight years. During 
this interval the blood pressure remained always higli, but especially the dia.stolic, reaching 
180 on several occasions. An x-ray film taken at the time of the last examination showed the 
heart size to be just above normal limits, and the electrocardiogram was almost superim- 
posable on the tracing taken eight years before (T, upright and -i-1.5 mm. high, T, slightly in- 
verted, axis angle 38 degrees). 

Wliy do some persons stand very liigli blood pressure for a long period 
(Case 1) Avithout having any sjTnptoms at all and Avithout shoAving unfavorable 
electrocardiographic changes, Avhile other persons do not ? Would it be possible 
to explain this fact on the basis of the existence of an individual or familial 
factor? 

Let us look at Tables III and IT and note that Ave failed to find any 
favorable electrocardiographic change in our hypei’tensive men. Although aa'C 
recognize the difficulties in establishing an adequate comparison between such 
small and unlike nrunbers (thirty-four Avomen and sixteen men), one has the 
impression that the unfavorable evolution of the electrocardiogram in hjqAer- 
tensive patients is more frequent in men than in AV'omen. In only six of the 
sixteen men studied did Ave fail to find unfavorable changes in the tracings. 

This comparison of the different evolutions of the electrocardiogram in 
hypertension in men and in women is in keeping with a concept already well 
accepted in cardiology, namely, that the clinical evolution and prognosis of 
hypertension in women seem to be definitely better than in men. 
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Table V. Electhocaudiograhs (Limb-Leads) 



series of cases 
subjected to lumbo- 
dorsal SYMPATHECTOSiy 

% 

PRESENT 

(CONTROL) 

SERIES 

% 

Improved 

50 

57.5 

5 

10 

Same 

26 

29.8 

20 

40 

Became woiso 

11 

12.7 

25 

50 


87 

100.0 

50 

100 


And, finally, let ns coinpai’e onr results with those obtained bj’- White, 
Sinithivick, Mathews, and Evans after lunibodorsal sympathectomy. 

As one can readily see, there is a striking difference between the spon- 
taneous evolution of the electrocardiogram in liypertensive patients and the 
changes which develop after lumbodorsal splanchnic resection. The last word 
lias, however, not j’^et been said. We must await the judgment of time. 

SUMMARY AND CONCLUSIONS 

1. We have compared the electrocardiograms of hypertensive cases fol- 
lowed for a long time wdth those of patients who have had Smithwiek’s lumbo- 
dorsal splanchnic resection for hypertension. 

2. Our control series consisted of fifty cases, forty-four of whom were less 
than 50 years of age when first seen; six were a few years older (from 50 to 54 
yeai's of age). There ivere thirty-four women and sixteen men in this group. A 
total of 240 electrocardiograms belonging to the fifty cases were studied. 

3. The average age of these fifty patients when first seen was 41 years and 
8 months, and the average follow-up period was eight years and four months 
(range: five to twenty-one years). No other kind of heart disease was present 
either at the start or later on during the evolution of the hypertension. 

4. The fifty patients were divided into two groups according to age ; forty- 
four patients less than 50 years old comprised the first group, twenty-nine of 
whom were females and fifteen males. Only six patients were included in the 
second group and their ages varied between 50 and 54 years. 

5. The electrocardiograms of only five out of the fifty cases shoived any 
possible improvement at all, and then it was questionable or slight. The serial 
tracings of tiventy patients (40 per cent) failed to sliow any appreciable modifi- 
cation. Those of twenty-five eases (50 per cent) liad an unfavorable electro- 
cardiographic evolution. 

6. All of the improved cases were women less than 50 years of age when 
the follow-up study began. 

7. No favorable changes were detected among the male patients, or in the 
group of patients older than 50 years. 

8. In accord wdth these facts, one may conclude tliat the electrocardiogram 
in h^ertension tends to become worse as time goes on and that there exists a 
definite parallclisni between the clinical course and the electrocardiographic 
evolution of this disease. Age, sex, and especially the passage of time 'appear 
to act unfavorably in the evolution of the hypertensive electrocardiogram. 

9. There is a striking difference between the spontaneous evolution of the 
hypertensive electroeardiogium and the picture which develops after lumbo- 
dorsal sjunpathectomy markedly in favor of the latter. 

10. A longer period of. time must elapse, however, before final judgment 
can be passed concerning sustained improvement of the hypertensive electro- 
cardiogram after lumbodorsal simipathectom)'. 
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CLINICAL OBSERVATIONS WITH CBRBERIN 

George Bond, MD.,* Harry Baum, M.D.,t and Grey Dimond, M.D.? 

Indianapolis, Ind. 

T his publication is for the purpose of describing the first use of cerberin on 
human subjects. 

Cerberin is a glycoside which has been extracted from the kernel of Cerhera 
odollam, a tree native of India, Dutch East Indies, and certain islands of the 
Southwestern Pacific. DeVry,^ in 1864, was first to discover that the expressed 
oil of the kernels of this tree contained a substance which had a digitalis-like 
action. In 1893, Plugged found that this substance would cause systolic stand- 
still of the frog’s ventricle. More recently, Chen® became interested in Cerhera 
odollam. His intent was to isolate cerberin and other active substances which 
might be present in the kernels of the nuts and to conduct various pharmacologic 
experiments with these pure principles. He standardized the drug according to 
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tli6 metliod iis6(i for digitalis. .A.fter this was done, it was at his suggestion 
that the following clinical work was carried out. 

METHODS 

It Tvas decided that the effect of cerherm could best be demonstrated in patients vrith 
auricular fibrillation. Patients were selected who had received no previous digitalis medica- 
tion and who were in sufficiently good condition to make the use of diuretics unnecessary. 
This was not always possible. 

Upon admission each patient was given complete rest in bed, with sedation of necessary, 
for eighteen to twenty-four hours, and in two cases as much as ten days’ rest in bed was 
maintained before medication was begun. This was done to diseotmt the effects of rest upon 
the fibrillation before cerberin was given. 

The course of the patient was followed by electrocardiograms, venous pressure by the 
direct method, ^ vital capacity, s chest plates, and a careful check, Uvice daily, of the apical 
and radial rates. Where the condition of the patient made it possible, circulation times were 
done. Por this the procedure was; 

Four minims of ether were injected into the antecubital vein for the arm-to-lung timec 
and 4 to 6 c.c. of 20 per cent neocalglucon were used for the arm-to-tongue test.^ 

In the first ten cases cerberin was given intravenously as we were not familiar with 
its rate of absorption from the intestinal tract. In the last five cases an oral preparation was 
used. In each instance 1 c.c. of the solution equaled 2% cat units. Since tliis is the first clin- 
ical use of cerberin, we had to proceed cautiously in its administration. Therefore, in the 
beginning, we decided not to ^ve more than 5 cat units per day intravenously. Wiien the 
oral preparation was used, it was given in sufficient doses to slow the apex rate to the de- 
sired level and reduce the pulse deficit to a minimum. 

RESULTS AND DISCUSSION 

Cerberin was administered to fifteen patients, fourteen of whom had auricu- 
lar fibrillation and one of whom was in congestive failure with a regular rhythm. 
These fifteen patients were classified as follows: Four with the diagnosis of 
rheumatic heart disease, two with the diagnosis of hj^pertensive heart disease, 
seven with the diagnosis of arteriosclerotic heart disease, and two vdth the diag- 
nosis of thyrotoxicosis. 

In one case the fibrillation ceased before the effect of the drug could be de- 
termined. In two instances the fibrillation was controlled and the patients car- 
ried through surgery: one a thyroidectomy, the other a leg amputation. 

The following two ease histories are representative of our methods and the 
actions of this drug. 

Mrs. 0. Z., B.N. and housewife, aged 51 years, was first seen on January 14. Her com- 
plaint at that time was ‘ ' blood clot in right leg. ’ ’ 

Present Illness . — On January 4, the patient developed a severe cold. The cold gradually 
improved, and no cardiac complaints could be elicited. On January 12 she developed a sud- 
den pain in the right leg followed by coldness, numbness, and loss of function of the leg. 
By the next day definite purplish discoloration of the foot had occurred. This progressed to 
involve the distal two-tliirds of the right leg by the time of admission. 

Past ffisiory.— Significant points in the past history were: (1) Systolic blood pressure 
of 180 was found at age of 21 years while she was being examined for a “strained heart.” 
(2) In 1935 she had a mild “heart attack” and was in bed for six months, (3) She had a 
stroke in 1937 which resulted in paralysis of the right side of the face, right arm, and right 
leg and aphasia wluch has gradually improved since that time. No definite rheumatic history 
could be elicited. Family history was negative. 

Physieal PxaminriUm . — The patient was in a fairly good condition. She showed a mild 
speech defect. The ocular fundi showed tortuous arteries with notching at the arteriovenous 
crossings. The lung fields were clear. There was slight enlargement of the heart on phys- 
ical examination, Thera was a rapid fibrillation with an apex rate of 165 to 170 and a radial 

rate of about 80. No definite signs of congestive heart failure were found. Blood uressure 
was 160/110. pressure 
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There was a purplish discoloration of the right foot and the distal two-thirds of the 
right leg. The foot was cold, and no dorsalis pedis pulse was palpable. 

Laloraiory.—Tirmc and blood findings were normal. Total nonprotein nitrogen was 
28 mg. per cent. Clotting time was three minutes; bleeding time, one minute. Serology 
was negative. Electrocardiogram showed auricular fibrillation with ventricular rate of 165 
per minute. 

X-Bay. — ^X-ray of the chest showed no definite signs of congestive failure; it showed 
enlargement of the heart with accentuation of left auricular curve and a suggestion of mitral 
stenosis. 

Uiapjiosis.— The diagnosis was arterial hypertension and possible rheumatic heart disease 
with mitral involvement, auricular fibrillation, and embolus in right popliteal artery with 
early gangrene of right leg. 

Course and Treatment . — ^The patient was kept at rest in bed, and given mild sedation 
with phenobarbital and codeine. The fibrillation was controlled with cerberin. Venous pres- 
sure on admission was 8.5 cm. of water. Fifteen days later it was 7.5 cm. of water. Aim- 
to-lung time on admission \vas 8.2 seconds; fifteen days later it was 7.5 seconds. Arm-to- 
tongue time on admission was 22 seconds; fifteen days later it was 15 seconds. Vital capacitv 
improved from 38 per cent at admission to 64 per cent at discharge. Electrocardiograms 
showed a gradual slowing of the ventricular rate from 165 per minute to 80 per minute. 

Amputation of the right leg to 20 cm. above the knee joint was done on the seventh 
day of the patient’s hospital stay with an uneventful recovery. 
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PlR. 1. 

Fig. 1 shows the record of tlie apical and radial rales and the dosage of 
cerberin given. Fig. 2 shows the electrocardiogi’am on admission and after five 
days on the preparation. 

Case 2. — E. S., a white woman, aged 75 years. Her chief complaints were “heart 
fluttering’’ diabetes, and a cold right foot. 

Present Illness . — Her ability to exercise had been greatly limited for the previous two 
to three years because of shortness of breath accompanied by irregularity of the heart. She 
had had mild swelling of the feet and ankles for the same period of time. Two weeks before 
admission she developed a sudden pain in the right foot which had since become blue and 
cold. She was known to have diabetes for the previous three years. 

Physical Examination . — ^Positive findings: Eyes, moderate arteriovenous nicking with 
tortuosity of the arteries; slight orthopnea with overdistention of the jugular veins in the 
flat posture; lung fields, clear; heart, auricular fibrillation present, apex in fifth intercostal 
space about 1 cm. to the left of mid-clavicular line, blowing Grade 2 systolic murmur at mitral 
area; liver, not palpable; extremities, no edema, right foot blue and cold up to 3 inches 
above lateral malleolus, no arterial pulsation in this foot, but present in the left; walls of 
radial arteries felt thickened upon palpation. 
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LaborotoJ-i/.— Urinalysis: heavy trace of albumin; 2 to 3 per cent sugar; 8 to 10 pus 
cells. Blood: hemoglobin, 13; white blood cells, 6,800 with normal differential. Blood sugar, 
168 mg. per cent. Phenolsulfonphthalein test, 72 per cent in fifteen minutes. 

CIRCULATION TIME. . ' 

(SEC.) 

, » - CALCIUM . 

ETHER GLUCONATE 

18 39 to 32 


- DATE 

6/12/42 

6/17/42 

6/18/42 

6/20/42 


TIME 

11:30 A.M. 
5:00 p.M. 
2:00 p.M. 
10:35 A.M. 


VENOUS PRESSURE 

15:5 to 36.0 cm. H,0 

8.5 to 9.0 cm. H.O 
8.0 cm. HjO 


30.0 to 5.0 23.5 to 3 3.0 

22.0 


ECG 

+ 

. -f* 





Fie. 2. 

X liay, X-ray showed definite cardiac enlargement. 

Treatment.— The treatment consisted of rest in bed, sedatives, and cerberin. 

Fig. 3 sliows the record of apical and radial rates and dosage of cerberin. 
Fig. 4 shows the electrocardiogram on admission and after five daj-s on the drug. 
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DISCUSSION AND RESULTS 

Of the fifteen people who have received treatment with cerberin, in two in- 
stances it was found that no medication was necessary, and so the drug was dis- 
continued. One patient was moribund on admission and died soon afterwards. 
In one patient mth congestive failure and a regular heart rate no benefit was 
obtained from the use of cerberin. In this instance the drug was discontinued 
the patient was digitalized, and mercurial diuretics were used. However, none 
of these measures resulted in conmpiete compensation of the patient. 

Of the remaining eleven patients, two had auricular fibrillation with no evi- 
dence of congestive failure. The remaining nine had auricular fibrillation and 
•were in congestive failure, as confirmed by both clinical and laboratory findings. 
In six of these patients cardiac compensation resulted after the fibrillation had 
been controlled with cerberin and the patient kept at rest in bed with sedation. 
In three in.stances these measures were ineffectual, and diuretics were necessarv 
in order to bring about compensation. 
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.> * ' Fig. 3. 

We-do;not intend to intimate that the control of fibrillation alone resulted 
in compensation in these cases. We do not Imow the complete action of cerberin, 
and in this' paper Af^e are dealing only with its effect on fibrillation. 

It was noted that cerberin produced a slowing of the pulse much more 
quickly ‘than did ^digitalis. One patient demonstrated this especially well. A 
woman vdth advanced- mitral stenosis, intense cyanosis, orthopnea, cold, clammy 
extremities, an apical rate of 160 per minute, and a radial rate too feeble to 
count was given 10 cat units of cerberin intravenously. Within five minutes 
after injection, her pulse was reduced to 110 per minute uith no pulse deficit, 
and there was a remarkable improvement in aU sjonptoms noted above. 

On the other hand it was noted that the effect was much more transitory 
than with digitalis. For example, in one case which had a very rapid fibrillation 
and had been controlled with cerberin, discontinuance of the drug resulted in a 
return of the pulse to a pre-medication level in thirty-six hours. 
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No untoward effects were noted with administration of cerberin except in 
one case. In this instance the patient’s apical rate had been slowed by the drug 
to about 50 per minute, and he developed anorexia, nausea, vomiting, and ab- 
dominal cramps. The drug was stopped, and on the third day all symptoms had 
disappeared. 
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AVe were interested in determining whether or not any electrocardiographic 
changes occurred during medication wdth this drug. Since we used the drug 
almost entirely on patients vdth auricular fibrillation, we were unable to de- 
termine if the drug produced any change in the P-R interval. In three instances, 
definite inversion of the T waves was noted. It has been found, however, that, 
in cats, when cerberin was given by slow perfusion up to the fatal dose and serial 
electrocardiograms were taken, definite cardiographic abnormalities occurred. 
The first change was a definite sloiving of the rate. This was followed by a pro- 
longation of the P-R interval. Complete A-Y block followed this. "With increas- 
ing doses, ventricular tachycardia occurred which changed to ventricular fibrilla- 
tion resulting in the death of the animals.® 

SUMMARY 

1. Auricular fibrillation can be controlled satisfactorily with the intravenous 
or oral use of cerberin, 

2. Cerberin exerts its effect on auricular fibrillation much more rapidly 
than does digitalis. Its effect is also more transitory after the drug is discon- 
tinued. 

3. No untoward effects were noted when therapeutic doses of the drug w^ere 
used. 
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Clinical Reports 


ANGINA P.ECTORIS ASSOCIATED WITH DEXTROCAKDIA AND ‘ 
SITUS INVERSUS (CASE REPORT) 

Lieutenant Colonel, J. C. Cain, M.C. 

D extrocardia with situs inversus has long been recognized by phy- 
sicians. It is known to occur in approximately one out of 35,000 physical 
examinations of recruits for the United States Army.^ These individuals usually 
lead a normal life unless they have some obvious organic, valvular, or myocar- 
dial defects. The present ease is of interest primarily because of its rarity. The 
S 5 ’^mptoms of angina pectoris are typical, except that distribution of the pain 
is primarily substernal to the right of the sternum and down the ulnar side of 
the right arm. This man was inducted into the Army and performed the 
.regular Ai’mj’’ duties for approximately one month. He was admitted to the 
hospital because of an infected right toe. During his stay at the hospital it 
was found that he had complete transposition of all the organs of the body 
and s 3 nnptoms typical of angina pectoris. He was discharged from the Army 
because of angina pectoris and dextrocardia with situs inversus. 

CASE HISTORY 

A 33-year-old Eussian Jewish man, entered the Station Hospital, Camp Gruher, Okla- 
homa, Aug.- 23, 1942, complaining of an infected right large toe. This infection rapidly 
subsided. Dextrocardia was discovered in 1924, but no symptoms were present. In 1940, 
while helping to carry an object weighing approximately 275 pounds, his first attack of sub- 
sternal distress occurred. The pain was described as being "severe, constricting, like a 
pressure, and squeezing" in nature. It was located in the mid-stemal region and just to 
the right of the sternum. The pain lasted only a few minutes. He was very frightened 
and "felt sure he was going to die." He "broke out in a cold clammy sweat," and the 
pain radiated down the ulnar side of the right arm as far as the tip of tlie fourth and 
fifth fingers. Following this he entered the Eling’s County Hospital, in Brooklyn, N. Y-, 
and was told that he had dextrocardia and angina pectoris. Electrocardiograms were taken 
and supposedly confirmed the diagnosis. Since that time he has had approximtely seven 
severe attacks and innumerable minor attacks. Following a severe attack he feels weak, 
frightened, and nauseated, but never vomits. For the following two or three days he is 
unable to do any work, but during this time he has no pains. The attacks are precipitated 
by fright, heavy lifting, exercise, emotion, intercourse, and walking into a cold wind. At- 
tacks are more likely to occur after large meals. Prompt relief is obtained by stopping 
whatever he is doing and standing perfectly still or by taking 1/100 grain of nitroglycerin. 
The attacks never last more than five minutes. 

The patient was a very excitable Jewish individual. He had done no heavy work and 
had lived on relief for the previous year and a half. He had frequent headaches, pyrosis, 
and dyspnea. He was very nervous, did not sleep well, and smoked approximately two pack- 
ages of cigarettes a day. Tremor was marked. He bit his fingernails and had excessive 
sweating. The angina pectoris had become decidedly worse since he had been in the Army. 

The family history was interesting in that his mother and three maternal uncles died 
suddenly from heart disease. Unfortunately, he did not know whether any of tliese rela- 
tives had dextrocardia. One brother was being treated for heart trouble, but the sj-mptoms 
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Fig. 1. — ^Electrocardiogram of dextrocardia showing the three standard leads and IVF. 
Rate 112 ; inversion of all complexes in Lead I, normal complexes in Lead II, and right ven- 
tricular preponderance. Lead IVF shows all complexes inverted. 



all waves positive'^ in'^Lead^.*^”Lead^lfY°^tl^^same^^as^t!pad^m^r^ arm wires; rate 92; 
all complexes upright with a large S wave This J” Fig. l. Lead IVF shows 

preponderance. ^ ‘ ® electrocardiogram shows left ventricular 
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as described by the patient were highly suggestive of hysteria. The man’s wife and three 
children were normal. The remainder of the family history was irrelevant. 

The past history indicated that he had never been well or capable of participating in 
the usual activities -of children. He had had vague joint pains, but no clear-cut histoiy- 
of rheumatic fever could be elicited. The only childhood disease was pertussis. 

The phj'sical examination revealed a stout, muscular indhddual, 5 feet, G inches tall, 
weigliing 172 pounds. No gross physical defects were noted on inspection. The blood pres- 
sure was elevated, being 15G/10G. By percussion the heart was found to be in an unusual 
location with the apex located 9 cm. to the right of the mid-sternal line in the fifth inter- 
costal -space. The point of maximum intensity could easily be seen in the fifth intercostal 
space 9 cm. to the right of the mid-sternal line. A soft, blowing, nontiansmitted systolic 
murmur was present in the region of the fifth intercostal space 9 cm. to the right of the 
mid-sternal line. The rate and rhythm of the heart were normal. Palpation of the ab- 
domen revealed the tip of a mass in the left upper quadrant; percussion over this area sug- 
gested liver dullness. There was no evidence of a liver on the right side of the abdomen. 

Eoentgenographic examination of the chest and abdomen definitely showed dextrocardia 
and evidence of transposition of the liver, spleen, and stomach. The electrocardiogram, 
Fig. 1, disclosed that the rate was 112 beats per minute. All complexes in Lead I were 
inverted. The QES of Lead II was downward and slurred. Lead III .showed idl com- 
plexes upright. By changing the arm electrodes. Fig. 2, a normal electrocardiogram, was 
produced. The QES complex in Lead III -was downward, and there was left ventricular 
preponderance. A diagnosis of dextrocardia and left ventricular preponderance was made. 

COMMENT 

R-eports of dextrocardia a.ssoeiated ivith organic heart disease are quite 
rare. Willius^ reported a ease of dextrocardia with situs inversus complicated 
by hypertensive lieart disease. Crawford and Warren'* recently reported the 
first ease of coronary thrombosis in a ease of dextrocardia and situs inversus, 
and two months later a ease of hypertension and coronary lieart disease asso- 
ciated with this condition was described by Mauche.ster and White.'* It is in- 
teresting that in the case described, by Crawford and Warren** the pain asso- 
ciated with the coronary thrombosis was to the right of the sternum, and there 
was numbness of the right arm. The pain often lasted as long as an hour and 
frequently occurred in the absence of exercise or other recognized causes of 
increased cardiac work. TJie electrocardiogram .showed clear-cut evidence of 
coronary thrombosis. The patient in the case described by ilanchester and 
White^ complained of pain following exercise located just to the left of the 
sternum. Thei’e was no radiation of pain to the arms or neck. 

The case described here represents the fii’st report of typical true angina 
pectoris a.ssociated with dextrocardia and situs invensus. It is interesting 
primarily because of the radiation of the pain to the right of the sternum and 
down the right arm. 

The exact cause of the pain of angina pectoris is unknown, but the etiology 
seems to be associated with coronary arterj^ insufficiency and myocardial 
anoxemia. The pain fibers from the heart travel centrally over the cendcal 
and thoracic s^’^mpathetic cardiac nerves to the white rami of the spinal nerves 
Ti to T4 and are classified as general visceral alferents. Since the heart de- 
velops as a midline structure and since it receives nerve fibers from both sides 
of the central nervous system, it is difficult to explain whj' most cases of angina 
pectoris have pain referred to the left side. The pain is occasionally referred 
bilaterally ; it has been reported with reference chieflj' to the right side, but the 
latter type is very' unusual. This ease seems to represent not only gross re- 
versal of the organs but also reversal of the plan of inneiwation of the heart. 
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SUAOrABY 

A case of angina pectoris with pain radiating to the right arm is reported 
in an individual with dextrocardia with situs inversus. 
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COMPLETE HEAET BLOCK IN GERMAN ]\IEASLBS 

Major Robert Bruce Logue, jM.C., and Major James Fletcher Hanson, IM.C. 

Army of the United State.s 

I T IS well known that auriculoventricular heart lilock may occur during the 
course of acute infections. Its frequency in rheumatic fever is generally 
recognized. It has been reported in such infections as diphtheria^ influenza, - 
typhoid fever,® pneumonia, scarlet fever, and typhus fever.'* Textbooks® mention 
endocarditis as a rare complication of German measles, and pericarditis, myo- 
carditis, and endocarditis as complications of measles. The occurrence of heart 
block in German measles has not been reported so far as we are able to deter- 
mine from a review of the literature of the past twenty -six years. The rarity 
of this condition prompts the present report. 


REPORT OF CASE 


A private, aged 23 years, Avas admitted to the hospital on March 24, 1943, complaining 
of sore throat and glandular swelling in the neck which had been present for three days. 
The past histoiy revealed an attack of mumps during childhood. There was no historj^ of 
iheumatio fever or chorea. 

Physical examination showed a moderate pharjuigitis with swelling of the posterial 
cervical glands, most marked on the left side. The heart was of normal size. No murmurs 
were heard. The rhythm was regular. The blood pressure was 110/68. The examination 
otlierwise was essentially nomal. 


Laboratory examination revealed 23,100 white blood cells with a nonnal differential 
count. The Wassermann and Ivahn reactions of the blood were negative. Four days after 
admission there were 18,000 white blood cells with 78 per cent polymorphonuclear leucocytes, 
15 per cent lymphocytes, and 7 per cent monocytes. During the first two weeks in the 
liospital the temperature ranged from 100° F. to 101° F. and then returned to normal. Five 
days after admission the patient was given 22 Gm. of sulfadiazine extending over a period 
of four daj-s without apparent beneficial effects. On the ninth hospital day the patient be- 
c.ame dizzy and almost fainted in the lavatory. The pulse rate was 38. An electrocardio- 
^am takCT at this time revealed complete heart block (Fig. 1). A blood count showed 
Jl,oo0 white blood cells with a normal differential count. On the tenth liospital day the 
pulse rate was 80, and partial heart block was present ivith a three-to-two rhytliin (Fig. 2^ Al. 
^^bro^e sulfate, 0.00096 Gm., was given intravenously with an immediate decrease in the 
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degree of block and the establislunent of a one-to-one rhythm (Fig. 1, B). On the twelfth 
hospital day the P-R interval was 0.28 second (Fig. 2, C), and on the sixteenth hospital day 
it was 0.22 second. On the seventeenth and twenty-sixth hospital days (Fig. 2, P) the 
P-E, interval was 0.21 and 0.16 second, respectively. On the fourteenth hospital day and 
five days after the onset of the complete heart block, the spleen became palpable and a 
generalized, pinkish, papular eruption appeared over the trunk and extremities, and to a 
lesser extent over the face. There were no Koplik's spots. Laboratory examination revealed 



Fig. 1. 



A. B. O. B. 

Fig. 2. 


2,800 white blood cells ■ivith 52 per cent polymorphonuclears, 36 per cent lymphocytes, and 
12 per cent monocytes. At no time were atypical lymphocytes seen in the blood smears. The 
heterophile antibody test was repeatedly positive in titer increasing from 1:28 to 1:224. 
Approximately one month after the appearance of the eruption it was still positive in a 
dilution of 1:224. The sedimentation rate was 5 mm. in one hour. Preceding the eruption 
the temperature reached 102.5”. Following the appearance of the eruption, the temperature 


LOGUE AND HANSON : COMPLETE HEART BLOCK IN GERMAN MEASLES 207 

rapidly returned to normal. The glandular s%Yelling subsided during the next few days. 
Convalescence was uneventful, and after a furlough the patient returned to duty on June 
8, 1943. 

COMMENTS 

Tie prolonged fever, cervical adenopathy, palpable spleen, papular erup- 
tion and positive heterophile antibody test warranted the consideration of 
acute infectious mononucleosis. The nature and extent of the generalized skin 
eruption, with sudden subsidence of sjanptoms following its appearance, and the 
absence of atypical lymphocytes made this condition seem unlikely. Consultants 
in dermatology and in infectious diseases felt that the eruption was typical of 
German measles. A hematology consultant felt that the blood picture was 
not that of acute infectious mononucleosis. Positive heterophile tests have been 
reported in pneumonia, scarlet fever, measles, tuberculosis, filariasis, and aplastic 
anemia.® The positive heterophile test in the present case was thought to be 
associated with the German measles. 

SUMMARY 

A case of complete heart block occurring during the pre-emptive stage of 
German measles is reported. The heart block was of short duration, and at the 
end of two weeks the conduction time had returned to nonnal and the infection 
had subsided. 
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Abstracts and Reviews 


Selected Abstracts 


Taquini, A. C., and Lozada, B.: The Ascending S-T Segment. Its Clinical Importance. 
Eev. argent, de cardiol. 11: 231, 1944. 

The perusal of two thousand clinical records of patients with various diseases sliowed 
that an ascending S-T segment was present in the electrocardiogram in seventy-seven cases. 
The presence of this electrocardiographic pattern, most frequent in D I and D II, had no rela- 
tion to the type of thorax or to the position of the heart. It was more frequent in women 
than in men, and the diseases most commonly associated with it were the gall bladder diseases. 
An ascending S-T segment was also frequently found in climacterium and in intestinal disease 
associated with gall bladder diseases or along with it. Authors. 

Cabrera, E., and Pallares, S. D.: Determination of the Medium Manifest Axis of 
Unipolar Derivation of the Extremities. Arch. Inst. Cardiol. Mex. 14: 135, 1945. 

An improvement of Sodi ’s formula to obtain the direction of tho manifest potential 
axis of a given electrocardiographic deflection by means of Wilson’s unipolar limb leads 
is described. The authors give an algebraic method to obtain this formula. 

A new method of trigonometric design similar to Einthoven’s original one is described, 
employing the values of Wilson’s unipolar limb leads, instead of those of Einthoven’s standard 
limb leads. Authors. 

Pallares, S. D., Cuellar, A., and Cabrera, E.: Six Axis Sjmtem With Application to 
the Vector AvT in Ventricular Hypertrophy. Arch. Inst. Cardiol. Mex. 14: 142, 1945. • 

A six-axis system, which was inspired by Bayley^’s triaxinl one and includes the three- 
axis .system of Wilson’s unipolar limb leads besides those of the equilateral triangle of 
Einthoven is presented. The manifest axis of the T wave in ventricular h 3 'pertrophies 
is related to this new' sj-stem and several coii.siderations arc made in regard to the changes 
of this wave. Authors. 

Simonson, E., and Enzer, N.: An Unusual Case of A-V Nodal Rhythm With Varying A-V 
Block. Brit. Heart J. 7: 45, 1945. 

A case is presented with P-R intervals %-arying from pin: 0.22 to minus 0.19 second. 
TJie type of P waves is nodal. Episodes of gradual shortening of P-B intervals, imtil P foi' 
lows QES, of blocked P waves followed by Wenckebach’s phenomenon, and abrupt transition 
from E-P to P-R intervals were observed. Two alternative interpretations are offered: (1) 
assumption of nodal rhj-thm w'ith varying degree of at least forward, and possiblj' of both 
forward and retrograde conduction, or (2) assumption of two nodal pacemakers. 

AUTHOR.S. 


Ashman, R., Ferguson, F. P., Gremillion, A. I., and Byer, E.: The Effect of Cycle-Length 

Changes Upon the Form and Amplitude of the T Deflection of the Electrocardiogram. 

Am. J. Physiol. 143: 453, 1945. 

In the normal heart, at ordinary heart rates, the observed T wave is mainly due to 
differences in the time required for repolarization of different muscle elements. Accelera- 
tion, or decrease of cycle length, reduces these differences and thus causes the associated 
changes which then occur in the form and amplitude of the T wave. AUTHORS. 
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Simonson, E., Enzer, N.. and Goodman, J. S.: Coronary Insufficiency, Revealed by Ectopic, 

Nodal, and Ventricular Beats in the Presence of Left Bundle Brancli Block. Am. 

.T. 11. Sc. 209: 349, 1945. 

In a case of left bundle brancb block, premature ventricular beats in Leads III and GF, 
in the first electrocardiogram and nodal escape beats in Leads OF, and CF< of the second 
electrocardiogram, taken one da}' later, revealed the presence of acute coronarj' ventricular 
block in the regular beats. .There was an evolution of the inverted T waves in the ectopic 
beats of CFj from the first to the second electrocardiogram. Multiple ectopic beats, due 
to nodal escape, in the limb leads show a shortening of the QES intervals to normal limits 
and a normal QES contour. The possible mechanism is discussed. Since the mechanism 
producing the ectopic beats varied, it can be concluded that the pattern of myocardial infarct 
or coronary insufficiency may be revealed in ectopic beats in the presence of intraventricular 
block, to a certain degree independent of the mechanism producing the ectopic beats. 

Authors. 


Mehta, J. B., and Hewlett, R. F. L.: Cor Triloculare Biauriculare. Brit, Heart J. 7: 41, 

194 . 1 . 

An account lias been given of the heart from a woman who lived to be 56 years of age. 
It was a biauricular trilocular heart, but with an imperfect auricular septum. There was a 
single aorta arising from the ventricle. Authors. 

Robbins, S. L.: Brain Abscess Associated With Congenital Heart Disease. Arch. Int. JMed. 

75: 279, 1945. 

Three cases of brain abscess associated mth septal defects of the heart which came to 
autopsy at the Mallory Institute of Pathology of the Boston City Hospital during the years 
1936 to 1943 form the body of this paper. The cases were selected from the 7,880 autopsies 
performed during these years, which included 53 cases of congenital heart disease of all types. 
Tliere were no other instances of encephalomalacia encountered in the latter group. The total 
number of such cases in the literature to date is twenty-six. 

In only three cases in the literature has an ante-mortem diagnosis of the disease been 
made and surgical drainage been instituted, a proportion wliich reflects principally the diffi- 
culty in diagnosis, arising in most instances from unfamiliarity with this complication of 
septal defects of the heart. 

With the increased number of cases reported, it is to be hoped that in patients with con- 
genital heart disease, especially in those having the tetralogj- of Fallot, underly'ing brain ab- 
scess will be considered in the diagnosis of any focal neurological damage or meningitis. Cer- 
tainly only early recognition will permit successful surgical intervention and hope for cure 
of this vmcoramon sj'ndrome. Author. 


Taussig, H. B.: Clinical and Pathological Findings in Aortic Atresia or Marked Hypoplasia 
of the Aorta at Its Base. Bull. .Tohns Hopkins Hosp. 76: 75, 1945. 

Aortic atresia or marked hypoplasia of the aorta at its base causes the right ventricle to 
pump the blood not only to the lungs but also through the ductus arteriosus to tlie systemic 
circulation. This mechanism places a great strain on the right side of the heart and is e-\- 
tremely inefficient for the maintenance of an adequate circulation to the body. 

The outstanding clinical features produced by this malformation are intense cyanosis 
great right-sided cardiac enlargement, a weak pulse in both the arms and the legs, and a 
low blood pressure. Fluoroscopic examination sliows cardiac enlargement due to the enormous 
enlargement of the right ventricle; the pulmonary conus of the right ventricle and the pul- 
monary artery proximal to the ductus arteriosus occupy their normal position but are markedly 
distended. Usually there is also distention of the right auricle and the superior vena cava. 
The electrocardiogram .shows a right axis deviation. Cardiac failure occurs early. The con- 
dition is not compatible with life for more than a few days. ' Author 


Sisson, J. H., Murphy, G. E., and Newman, E. V.: 
Bull. .Tohns Hopkins Hosp. 76: 93, 1945. 


Congenital Arteriovenous Aneurysms. 


A case of multiple congenital arterior-enous aneurysms in the pulmonary circulation 
.3 prese^tea. The esteblishea by angiography was conWa at a^kHi Z 
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pathologic findings are reported. The clinical picture of six reported cases is summarized. 
The usual symptoms are •wealmess, faintness and dizziness, dyspnea, chest pain, and hemoptysis. 
The signs are cyanosis, clubbing of the fingers, often \'isible hemangiomata, bruit over chest, 
polycythemia, and x-ray evidence of a localized opacity in the lung. The diagnosis can be 
definitely established by angiography. The treatment is pneumonectomy. 

A brief discussion is given of angiographic technique and the physiologic effects of 
pulmonary arteriovenous communications. Angiography has proved a useful procedure but 
may be dangerous in a patient with a circulatory shunt from riglit to left heart. 

A clinicopathologic analysis is made of twelve previously reported cases together with 
the one reported of death following within one hour the intravenous injection of diodrast 
in diagnostic procedures. A possible conclusion one may reach from the breakdown of these 
data is that the intravenous use of diodrast should bo approached with caution in the case 
of patients with hypertensive cardiorenal disease. Authors. 

Holyoke, J. B.: Coronary Arteriosclerosis and Myocardial Infarction as Studied by an 

Injection Technic. Arch. Path. 39: 268, 1945. 

An unselected series of seventy adult hearts were studied by the Schlesinger injection 
technique. 

Occlusions of the coronar 3 ’ arteries were demonstrated in twelve of the seventy hearts. 
In these twelve hearts, thirtj'-one points of obstruction were demonstrated. Thirteen were in 
the main stems of the three principal coronary arteries. Eighteen were in the large branches. 

Interarterial anastomoses were demonstrated in all hearts with pronounced arteriosclerot- 
ic narrowing. Only in the presence of marked hypertrophy were such anastomoses demon- 
strated in other hearts. 

In three of eleven hearts with old occlusions of the coronary arteries there were no old 
infarcts. In two of five hearts with recent occlusions of the coronary arteries there were no 
corresponding recent infarcts. 

Tti one of four hearts with recent infarcts there was no recent occlusion. 

Grosslj' recognizable scars were present in the mj'ocardium of twenty-six of the seventy 
hearts. 

Data from this work and from the literature emphasized that coronary arteriosclerosis 
is only one of the many factors which maj' be responsible for the anatomic changes and the 
symptoms resulting from mj’ocardial anoxia. Author. 

Johnson, B. S., and Lewes, D.: Advanced Mitral Stenosis at Three Tears Old. Brit. 

Heart J. 7: 52, 1945. 

A case of chronic (healed) rheumatic endocarditis with advanced jmitral stenosis in an 
infant, aged 2 years and 10 months, is reported, together with the autopsy findings. AUTHORS. 

Wilson, K. S., and Alexander, H. L.: The Relation of Periarteritis Nodosa to Bronchial 

Asthma and Other Forms of Human H^Tpersensitiveness. J. Lab. & Clin. Med. 30; 

195, 1945. 

In three hundred consecutive cases of periarteritis nodosa, bronchial asthma was 
identified in fifty-four, or 18 per cent. Wlien differential blood counts w’cre available, all 
but three of forty-seven cases of asthma (94 per cent) showed a hypereosinophilia ranging 
from 11 to 84 per cent, with an average of 53.5 per cent. This is in marked contrast to 
one hundred and fifty-one cases without asthma in which there were but nine instances of 
hypereosinophilia (6 per cent), and the average eosinopliile count was 2.5 per cent. The as- 
sociation of periarteritis nodosa to the various forms of human hypersensitiveness is discussed. 

Authors. 

Duncan, G. W.: Venous Pressure as an Index of Blood Flow in the Upper Extremity. 

Arch. Surg. 49: 235, 1944. 

In the experiments described, the measurement of the rate of rise in venous pres- 
sure in the large veins of the forearm following venous occlusion is, at least to some extent, 
an index of the rate of blood fiow in the extremity. Local application of heat to the hand 
and forearm and exercise of the muscles of the hand and forearm increase the rapidity of 
rise in venous pressure, while local application of cold decreases it. Author. 
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Ta^uini, A. C., and Suarez, J. B. E.: Modification of Respiration and Circulation in 

Arteriovenous Aneurysm. Medicina^ Buenos Aires 5; 109, 1945. 

A report is made on five patients with arteriovenous communications j four were trau- 
matic fistulas, three at the level of the femoral vessels, and one at the level of the deep 
femoral vessels. The other was a cirsoid aneurysm of the leg. 

The pulmonary ventilation was increased with a diminished concentration of carbon 
dioxide in- the expired airj the carbon dioxide tension in alveolar air, the vital capacity, and 
residual air were within normal figures in the patients who were investigated. 

The minute cardiac volume was abnormally increased in three out of five individuals, 
with a diminished arteriovenous oxygen difference. In three instances, the venous pressure 
was determined and proved normal. 

The total blood volume was remarkably increased in the three patients with an in- 
creased minute volume. The globular-plasmatic relationsliip was normal. 

These obseiwations were repeated in three individuals after pressure by hand on the 
femoral artery; in two cases there was a fall in the heart rate. The minute volume was the 
same as prior to the compression. The venous pressure increased in all three. Authors. 

Herhut, P. -A,, and Price, A. H.: Periarteritis Nodosa Producing Aneursrsm of the Renal 

Artery and H 3 T)ertension. Arch, Path. 39: 274, 1945. 

In a case of periarteritis nodosa of the renal arteries there was an old periarteritic renal 
aneurysm which produced narrowing of the vascular lumen, with renal ischemia, hyperten- 
sion, and death from cerebral hemorrhage following. In a second case, multiple acute peri- 
arteritic aneurysms of the intrarenal branches of both renal arteries produced hypertension, 
with death resulting from rupture of one of the aneurysms. 

The sequence of events in the first case indicates that an aneurysm of an extrinsic por- 
tion of a renal artery can produce hypertension provided the lumen of the vessel is occluded 
to a degree great enough to produce renal ischemia. Authors. 


Katz, L. N., Wise, W,, and Jochim, EL: The Dynamics of the Isolated Heart and Heart- 
Lung Preparations of the Dog. Am. J. Physiol. 143: 463, 1945. 


Two preparations, an isolated heart and a closed circuit heart-lung, are described in 
which the dynamics of the circulation could be analyzed under controlled conditions. The 
main differences between the two preparations are (1) tliat in the isolated heart preparation 
the circuit is interrupted between the pulmonary artery and left auricle by an artificial 
'‘lung” and a pump for returning blood to a reservoir, while in the heart-lung preparation 
the lungs are left in situ (tlie artificial “lung,” pump, artificial pulmonary peripheral re- 
sistance, and reservoir being omitted), (2<) that artificial control is obtained in the isolated 
heart preparation bj- varying the artificial peripheral resistance placed in both the pulmonary 
and systemic circuits and/or the reservoir height, wliile in the heart-lung preparation artificial 
control is obtained by varjdng the artificial peripheral resistance placed only in the systemic 
circuit and/or the amount of blood in circulation. 

A total of seventy-nine experiments was analj-zed, 44 isolated heart, and 35 heart-lung, 
preparations. Graphs of various measurements were made of all these experiments using 
the initial control levels. These were subjected to statistical analysis in order to gain in- 
formation about the circulatory djmamics in these preparations and to further knowledge of 
the cardiodj-namics in the intact circulation. Considerations of the control of coronary flow 
are deferred to a later report. 

In general, the experiments were of longer duration: progressive heart failure was 
longer, delayed, and less brusque in its development in the heart-lung than the isolated heart 
preparations. Among the heart-lung preparations those in which heparinized blood was used 
survived longer than those with defibrinated blood. The pre.'^enee of progressive heart failure 
in some of tliese preparations when the initial readings were made did not affect the graphs 
here analyzed in any significant manner. 

_ The significance of the various findings on the interrelation of the variables analvzed 
IS discussed bneflv. 


The outstanding fact observed was the greater degree of interdependence of the various 
pressures and flows in tho heart-lung preparation compared to the isolated heart. This is at- 
tribute^ to the fact that in the heart-lung preparation the main change t Z 

amount of circulating blood which tends to affect aU the pressures and cafdiac output at the 
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same time and in the same direction. The greater freedom of experimental adjustment in 
the isolated heart nullified this to a large extent. In the intact circulation, it would appear 
that the changes would be interrelated somewhat as in the heart-lung preparation insofar 
as the adjustments are due to alterations in circulating blood volume. Cliangc in circulating 
blood volume is one of the most important, but not tlie only, means of adjusting the dynamics 
of circulation in the intact animal. However, the operation of compensaory mechanisms in 
the intact animal, chiefly of neurogenic origin, would modify the interdependence found in 
the isolated heart-lung preparation. Authors. 

Smith, J. E., and Henry, M. J.: Demonstration of the Coronary Arterial System With 

Neoprene Latex. J. Lab. & Clin. hied. 30: 466, 1945. 

A method is described whereby neoprene latex is infused into the coronary vessels of 
the dog heart. Corrosion, specimens, employing concentrated hydrochloric acid, may be made 
which appear to preserve all details of the coronary arterial system lumina including the 
capillaries. The cardiac chambers may be filled rvith liquid latex and the whole organ sus- 
pended by a glass hook to support the vascular casting when the myocardium is digested 
away. The finished specimen is kept immersed in fluid so that the minute strands are sepa- 
rated and details of the coronary vascular system may be seen. Authors. 

Friedberg, L., and Katz, L. N.: Observations on Shock Following Bilateral Venous Oc- 
clusion of the Hind-Limbs of the Dog. Am. J. Physiol. 143: 589, 1945. 

Bilateral venous occlusion of the Iiindlimb of the dog by means of ligation and lamp- 
black injection leads to a consistent!}' fatal and rapid shocklike state. Early fluid administra- 
tion (sodium chloride or plasma), demonstrated to be effective in preventing this state in 
unilateral venous occlusion experiments, is without beneficial action in these animals. Like- 
wise, application of a rigid cast to both hindlimbs and lower abdomen, in order to minimize 
fluid leakage into the injured area, is accompanied by slightly increased length of life but 
does not prevent the ultimate fatal result. This suggests that some other factor, perhaps a 
humoral "toxic’' substance plays a role. The mechanisms and possible interpretation of 
these results are discussed. Authors. 

Zweifach, B. W., Abell, E. G,, Chambers, E., and Clowes, G. H. A,: Eole of the Decom- 

pensatory Eeactions of Peripheral Blood Vessels in Tourniquet Shock. Surg.. Gynec. 

& Obst. 80: 593, 1945. 

The purpose of this investigation was to determine whether, in tourniquet shock, the 
second, decompensatory factor always appears subsequent to fluid loss or whether it may be 
regarded as a primary factor which normally follows, but may be independent of, fluid loss. 

Experiments were performed on dogs, cats, and rabbits in which shock was produced 
under pentobarbital anesthesia by several different tourniquet procedures. The studies &• 
voh'ed two methods. One consisted of continuous observations on specific physiologic reactions 
of the arteries, arterioles, precapillary sphincters, capillaries, collecting venules, and vdns of 
the exteriorized omentum or mesentery. The other consisted of testing blood samples removed 
at intervals during the shock syndrome. The serum was injected intravenously into normal 
rats, and the effect on the arterioles and capillary vessels was noted in the exteriorized me.so- 
appendix. 

The initiating factor in the peripheral circiJation is a reduction in rate and amount of 
blood flow. This occurs while the damaged limb is swelling and is associated with vasocon- 
striction and with hyperreactivity of the terminal vessels as observed in the mesentery and 
omentum., 

Wlien the syndrome is fatal two sets of contributory factors are detected: an increased 
viscosity of the blood, indicated by a rise in hematocrit, and the development of hj-poreactivity 
of the terminal blood vessels. The hyporeactivity occurred while the peripheral flow was still 
good and resulted in pooling of blood in the capillaries and venules, thereby’ intensifying the 
reduction in the circulating blood volume. In many cases, hyporeactivity was the decisive 
factor in the syndrome. 

Circulatory collapse in tourniquet shock is due to a reduction in blood volume caused by: 
(a) loss of fluid into injured limb and (b) sequestration of blood from the active circula- 
tion by pooling in the capillary bed and collecting venules. The latter is due to the develop- 
ment of a hyporeactive factor, which progressively interferes with the peripheral vascular 
compensatory mechanisms. ‘ Authors. 
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Bicca, E. A., Pink, K., Katzin, L. I., and Warren, S. L.: Effect of Environmental Tem- 
perature on Experimental Traumatic Shock in Dogs. J. Clin. Investigation 24: 127, 

1945. 

In order to obUiin a reproducible standardized shock experiment with the Blalock type 
of crusher, it is necessary to use overall pressure of 2,000 pounds for five hours on -one com- 
plete upper thigh under nembutal anesthesia with the room temperature at 28° C. or above. 

Any variation in these several stipulations ma}' change the picture enough to prevent the 
onset of fatal shock. Authors. 

Bicca, B. A., Pink, K., Steadman, L. T., and Warren, S. L.: The Distribution of Body 

Pluids of Dogs in Tramnatic Shock. J. Clin. Investigation 24: 140, 1945. 

In traumatic shock, the fluid which extravasates into the traumatized extremity is 
mobilized from the rest of the tissues of the body. A portion of it is contributed by loss of 
circulating plasma. 

The A-G- ration, as determined chemically, is liigher in the leg fluid from the traumatized 
area than that of the plasma in every case. Cell proteins apparently are liberated in the 
traumatized extremely, probably from ruptured muscle fibers. 

The nonprotein nitrogen content of the fluid in the traumatized area is higher than 
that of the blood. The liberated cell proteins probably undergo breakdoum into Simpler nitro- 
genous products. The elevated blood nonprotein nitrogen during traumatic shock may, to 
some extent, be due to absorption of these products. 

Alterations in electrolyte concentration of serum and tissues which occur during trau- 
matic shock have been tabulated. Authors. 

Del Solar, A. V., Dussaillant, G. G., Brodsky, M. B., and Bodriguex, G. C.: Patal Poison- 
ing Prom Potassimn Thiocyanate Used in Treatment of Hypertension. Arch. Int. 

Med. 75: 247, 1945. 

Another case, the seventh thus far reported, of death due to the therapeutic use of 
potassium thiocyanate for hj'pertension is added to the literature. A distinct fault in dosage 
on the part of the patient was responsible for the intoxication; it emphasizes the danger of 
prescribing the drug in easily inaccurately measured forms, like the solution for drop admin- 
istration used for this case. 

The thiocyanate concentration of the blood at the onset of toxic symptoms was only 
7 mg. per hundred cubic centimeters. The concentrations of the drag in the tissue are the 
highest ones thus far reported in similar instances. A prominent feature of -the post-mortem 
examination was the finding of an acute necrotic nephrosis that had produced no symptoms 
or signs during life. . Authors. 

Hines, L. E., and Kessler, D. L.: Venesection for the Plethoric Patient. Arch. Int. ]Med. 

75: 250, 1945. 

Only two of fifty-eight patients proved to have had coronary thrombosis had an erj-tliro- 
cyte count of less than 4,000,000. Diminished clotting time after administration of heparin 
and a shortened prothrombin time were the common findings for patients with high erythro- 
cjdo counts. 

Similar changes in the clotting mechanism have been observed in patients known to have 
thrombosis. These facts suggest that the use of venesection both for preventing and for 
treating thrombosis is rational. The changes produced by bleeding a small number of patients 
seem to support the idea. Authors. 
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T he American Heart Association is the only national organization devoted to 
educational work relating to diseases of the heart. Its activities are under 
the control and guidance of a Board of Directors composed of thirty eminent 
physicians who represent every portion of the country. 

A central office is maintained for the coordination and distribution of important 
information. From it tliere issues a steady stream of books, pamplilets, charts, 
films, lantern slides, and similar educational material concerned with the recognition, 
prevention, or treatment of diseases of the heart, which are now the leading cause of 
death in the United States. The American Heart Journal is under the editorial 
supervision of the Association. 

The Section for the Study of the Periplieral Circulation was organized in 1935 
for the purpose of stimulating interest in investigation of all types of diseases of 
the blood and lymph vessels and of problems concerning the circulation of blood 
and lympli. Any physician or investigator may become a member of the section 
after election to the American Heart Association and payment of dues to that 
organization. 

The income from membership and donations provides the sole financial support 
of the Association. Lack of adequate funds seriously hampers more intensive 
educational activity and the support of important investigative work. 

Annual membership is $5.00. Journal membership at $11.00 includes a year's 
subscription to the American Heart Journal (January-December) and annual 
membership in the Association. The Journal alone is $10.00 per year. 

The Association earnestly solicits your support and suggestions for its work. 
Membership application blanks will be sent on request. Donations will bo gratefully 
received and promptly acknowledged. 
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; THE EFFECT OP THEOPHYLLIN '^ITH BTHYLEi^DMMINE : 

; XAMINOPHYLLINE) and of PAPAVERINE hydrochloride ' ^ 
ON EXPERHIENTAL JIYOCARDIAL INFARCTION 

IN THE Doo .;/■ 

- ■ ' ■ . ' Reuben Mokotoff, M.D., and L. N. Katz, M.D^ ■ , ' ' ' 

, \ . \ Chicago, III. . : ; . , ' - 

With THE Assistance of Gertrude Mokotoff, A.B., and Hillier L. Bakek, Jr. 

A MINOPHYLLINE has been widely used in. coronary disease as a coroiiary 
. dilator because this effect has been demonstrated in the experimental an- 
;imal. However, the evidence in regard to its clinical efficacy has been conflict- 
ing. . Boyer, in a critical review of therapeutic claims for aminophylline and- 
related, xanthine dei'ivatives concludes that the evidence pro and con is still iii- i 
conclusive. , - 

, Papaverine has been found to be a powerful and long-lasting coronary vaso- 
dilator, * mheh more effective than, aminophylline. Clinically, we, have' found 
that it has a beneficial effect, in angina pectoris,^ and this clinical impression has 
been confirmed by others. . , . 

' ^ : Both aminophylline and papaverine have been used during acute myocardial 

infarction not only to alleviate pain, but with the hope that the infarct healing ^ 
would be accelerated and the infarct minimized. , • ' 

AThe evidence, supporting this use of the drugs is 'controversial in the 
ease of aminophylline as far as experimental myocardial infarction, is coneernedi 
and no data on the effect of papaverine in experimental myocardial infarction 
have been obtained. In the ease' of aminophylline. Gold, - Travel!, and Modell ^ 
working with eats, found that when therapeutic doses (about one and one-half 
tunes those recommended in man) are given intramuscularly for three weeks 
after ligation of the circumflex branch of the left coronary arteiw, the size of 
’’f.t^redueed^as was .revealed by comparison with untreated eon- 
,hoIs Hoy^yer, Fowler, Hnrevite, and Smiths concluded that the infaret si* ^ 

J descending coronary artery is 

cdpced,,yompared TOth that m.nntreated animals, in animals treated for ttoee 
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cardial infarct size. The influence of these two drugs was compared by measur- 
ing the size of the myocardial infarcts eight weeks after ligation of the left 
anterior descending coronary artery in untreated dogs and dogs treated during 
this period with either aminophylline or papaverine. ' 

-It has been shown by Gregg, Thornton, and Mautz,® in chronic eoronarj' 
occlusion experiments, that over the course of days to weeks the retrograde flow 
of blood in the occluded arteiy increases and tends eventually to approximate 
the pre-occlusion inflow rate. This increasing retrogi’ade flow leads to noticeable 
augmentation of peripheral coronary pressure in the occluded vessel below the 
occlusion and "to a return of contraction in the ischemic yet viable areas pro- 
duced by the initial occlusion. Furthermore, it has been emphasized by Wiggers' 
that, while in acute experiments vasodilator drugs do not influence the func- 
tional state of m3meardial regions deprived of blood by ligation, this does not 
preclude an increase in caliber of existing anastomoses nor the formation of 
new collaterals bj^ such drugs in hearts with chronicallj'' narrowed or occluded 
arteries. It is in some such way that any influence of aminophjdline or papaver- 
ine would be anticipated. For this reason, all the hearts used in this studj’^ had 
a post-mortem injection of the coronaiy sj’^stem with a multicolored, radiopaque 
mixture to determine the influence these two vasodilator drugs might have had 
on the development or enlargement of anastomotic channels. The period of 
eight weeks between coronary'- ligation and termination of the experiment was 
chosen as being suffieientlj’- long to permit the demonstration of such collateral 
vascular development. This estimate was based on the time for completed scar 
tissue formation in human myocardial infarction and on the time necessary for 
collateral development in chronic coronary occlusion experiments. As a further 
control of the development of collaterals a series of normal hearts were injected 
in which the coronarj^ ligation (of the left anterior descending artery af the 
same site as in the other experiments) was performed post mortem. 


METHOD 


In- a series of seventy-three dogs the left anterior descending coronary artery was ligated 
under aseptic precautions during anesthesia (nembutal, 25 mg. per kilogram). Artificial 
respiration was instituted, and the chest was opened by a 6 to 10 cm. long incision in the 
third or fourth intercostal space about 1 cm. to the left of the sternal margin. The peri- 
cardium was incised; the artery was isolated from the vein and ligated by means of silk. A 
fine, curved, ocular needle was used for the purpose. The tie was usually made just below 
the origin of the primary branch. In a small number, the primary branch was ligated in- 
stead, and in four instances the fie was made above the site of the primary' branch. 
These variations were necessitated by the considerable variation in branching found in 
the different animals. The pericardial sac was not closed. The thorax was closed in 
layers with, cotton thread, the pneumothorax was relieved, and the animals were permitted 
to breathe spontaneously. The animals were then allowed to recover from the anesthesia. 

The animals were divided at random into three groups: (a) control, (b) aminophylline- 
treated,'^ and (c) papaverine-treated* groups. An equal number of dogs in the control and 
drug-treated groups were operated upon on the same day in order to insure comparable con- 
ditions. All dogs were housed and fed under similar conditions. They were kept in cages 
except that animals in the drug-treated groups were taken out for their daily drug injections. 

Aminophylline was given in doses of 15 mg. per kilogram, the first dose intravenou^' 
immediately after ligation and the others subcutaneously twice daily for seven days and 
thereafter once daily for the remaining forty-nine days of the total eight-week course of treat- 
ment. Papaverine was administered in like manner except that the dose was 5 mg. per kilo- 
gram. The drugs were given as a 12 per cent aminophylline and 3.2 per cent papaverine hy- 
drochloride solution in water. 


•Aminophylline was kindly furnished hy G. D.' Searle and Co.. Inc., through the coijrtesy 
)f Dr. R. S. Kemp, and the papaverine hydrochloride by Parke, Davis and Co., through tne 
lourtesy of Dr. O. Kamm. 



■ MOkOTOFP/ AND KATZ r'' EFFECT OP PAPAVERINE . ; 217' . 

At the end okeiglit weeks the lauimals "were sacrificed Tvitli nembutal and sodium cyanide 

' and were autopsied./ All the hearts were injected, .dissected/ and, x-rayed*, after the. manner. 

■ described, by Schlesihgcr.a The pressure used for injection was .cohstant (150 to - 200 mm., . 

, Hg) in the different preparations, and so were the injection and x-ray. techniques (for. the ■: 
. latter, 40. kilovolts, 30 . millmmperes, 2%' seconds, , a fine focal spot, anode-film distance of 
. 30 inches, paper-film holder, and nonscreen film were used) . The prints of the x-raj’S used for ' 
the illustrations were made under comparable conditions. The. infarct w'as examined before 
and after the heart was dissected. Contact tracings of the endocardial, aspects, of the in- .. 
farcted areas were made on a glass, plate and subsequently retraced on transparent paper. 

. The areas of these, re tracings , ■were measured with a planimeter. Clieck readings by the same , 
and several other observers were found to a^ee 'within 9 per cent; this accords with the 
finding of Gold and his co-workers.^ Sections , for microscopic study were taken through the 
infarct, the transition zone, and in normal myocardium in all instances to compare the det ; 
gree .of healing in the three different groups.! ' . . ' , 

A group of twenty-nine normal dog hearts with post-mortem ties located at the site , 
used in .the operated dogs were injected. In fifteen, Sehlesinger’s lead-agar mixtures were , 
used and in fourteen the mixture of lead carbonate-mercuric sulphide-gelatin used by Dock^ , 
and by Prinzmetal et al.io was emplo3'ed. We have confirmed Schlesinger ’s observation that , 
the lead-agar mixture penetrates arterioles less .than 40 micra (and above 10 micra) in di- 
ameter in 30 per cent of our series. We have found that the lead-mercury-gelatin mixture 
which contains smaller particles penetrates vessels between 40 and 10 micra in diameter in 
70 per cent of our cases. These facts were determined bj’^ measuring the size of the smallest . 
injected vessels in microscopic sections with an ocular micrometer. . 

RESULTS 

Of. the seventy-three operated dogs,.j,pnly forty-six were used in the final 
. study,. Twenty-one animals (27 per cent) were discarded because they did not 
survive the full eight-week postoperative period. Of these, thirteen succumbed,' 
within, the first twenty-four hours after operation, an immediate operative mor- 
tality of 18 per cent. The cause of death in these latter animals was usually ; 
ventricular fibrillation or cardiac standstill- during the operation. Data on these . 
twenty-one dogs are 'summarized in Table I. Six other animals were rejected 
from the. final study because of incomplete tie of the coronary artery,' discoy- 
. ered. at necropsy by vessel injection and dissection; there were no myocardial ■ 
infarcts in this: group. 


T-AbIjE I. - Data on Twenty-One Dogs That Failed to Burvuve the Set Eight- Week 
Period After Ligation of Left Anterior Descending Coronary Artery 


NUMBER 

OF DOGS SURVIVAL PERIOD 


11 Few minutes to few 
. hours. Succumbed 
during operation or 
immediately after 
2 24 hours 


2 4 to 7 da3’S 


10 to 18 days^ 


1 10 days 


, 1 15 days 


CAUSE OF DEATH 


Ventricular fibrillation 
or eardiac^standstill 


Fulmonar3’^ edema or 
.pneumonia 

Empyema and sucking 
wound of chest 

Undetermined 


Pneumonia. Cardiac 
failure? Cerebral 
hemorrhage? 
Distemper? 


REMARKS ^ . 


Three dogs were in puerperiura 
and succumbed before coro- 
nary ligation ' 

Irregular/v^ outlined areas of. 
myocardial hemorrhage and 
necrosis found 

Jiidefinite areas of m3*ocardial 
- infarction about 2 to 4 cm.2, 
found ■ ^ 

Post-mortem- examinations . not 
done^ due to rapid decom- 
position during summer heat ' 
Large, soft, necrotic - infarct 
found 

No evidence of m3-ocardial in- 
falrction . - . 


‘ VGve taken by the X-ray Department tlirough tlie courtesy of Dr. R. Arens 

O. SaSr^. ™ Department of Patl.ioW through the courtesy of Dr., 
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1. Infarct 5ffee.— Since the location of the tie was tisiia^ just below the 
primary branch of the left, descending coronary artery, it is to be expected that 
in a larger heart a larger area is supplied by the-^ occluded vessel and that there- 
fore the infarct size varies, among other things, with the weight of the heart. 
This is actually shown to be true, when infarct size is plotted against heart 
weight although considerable scatter is seen (Fig. 1). The slope of the lineal 
regression was 1 em.^ increase in infarct size per 4.42 gram increase in heart 
weight. Since the heart weight averages in the three groups of animals are 
not the same, the papaverine-treated animals ha\dng a somewhat smaller aver- 
age heart weight, it was considered advisable to calculate the infarct size per 
gram of heart weight in comparing the three groups. The pertinent data on 
the forty-six dogs constituting the hnal series are summarized in Table II. The 
mean size of the infarcted area per gram of heart weight was found largest in 
the untreated animals, intermediate in the aminophylline-treated group, and 
smallest in the papaverine-treated group, the arithmetic means being 0.0863, 



INFARCT SIZE - CM? 


Fig. 1. — Scatter graph showing tlie degree correlation of infarct size to heart weight. 

• represents controls, O. papaverine-treated animals, and A. aminophylline-treated animals. 
Discussed in text. 

0.0677, and 0.0558 cm.^ per gram, respectively. The difference of the means 
between the papaverine-treated and the untreated animals is 0.0305 cm.^ pb 
gram, and the difference between the aminophylline-treated and the untreated 
animals is 0.0186 cm.^ per gram. These differences were found to be statistically 
significant; that between the papaverine and control animals was 3.8 times its 
standard error, and that between aminophylline and control animals was 2.3 
times its standard error. The conventional value of two times the standard er- 
lor is adopted for 'significance.*^ This puts the effect of the papaverine re- 
ducing action in a high range of probability, and shows a somewhat less ef- 
fective action of aminophylline with a fair degree of probability. To illustrate 
the drug effects graphically, the frequency distribution of the various infarct 
sizes per gram of lieart weight in the three groups is shown in Fig. 2. In the 
papaverine-treated animals the maximal frequency is clearly at a smaller in- 
farct size per gram than in the control group. In spite of some overlap, the 
peak frequency is also clearly different in the aminophylline-treated animals 


r 
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Obviously even greater differences were obtained when the infarct size 
in the three groups were compared without correcting for differences in heart 
size. In the papaverine-treated group the mean infarct size was 6.41 sq. cm., 
in the aminophylline-treated group it was 8.06 sq. cm., and in the control group 
it was 10.6 square centimeters. 

The position of the tie did not play any significant role since the infarct 
size could not be related to the location of the tie vith re.speet to the primary 
branching. Furthermore, the different tie locations were scattered at random 
among the three groups. 



Figr. 2. — The frequency distribution of infarct size per gram of heart 'weight in the con- 
trol (A-A). the aminophylline-treated fX-.-X), and the papaverine-treated (• — •) groups. 
These are labelled, respectively, O, A, and P. Discussed in text. 

2. Location and G-ross and Microscopic Appearance of Infarcts. — The in- 
farcts were fairly uniform in form and location. The majority were roughly 
pjT’amidal in shape with the base of the pyramid located toward the cardiac 
apex. The infarct involved chiefly the apex and anterior wall of the left ven- 
tricle between the anterior papillary muscle and the septum. In larger lesions 
the anterior papillary muscle and septum were also involved. Occasionally the 
infarct involved the septum primarily (Fig. 3). In several instances, a naiTOW 
portion of the right ventricle adjacent to the septum was also infarcted. The 
subendocardial layers were involved more extensivelj'- than the subepicardial 
layers. However, there was almost always a thin strip of noninfareted muscle 
just beneath the endocardium. In only four hearts were there "through and 
< through” infarcts with pseudoaneuiysm formation. The usual location of the 
infarct is shown in Fig. 4, a photograph obtained in a papaverine-treated an- 
imal which survived onlj’- ten days and showed at necropsy a soft 3 mllowish-red 
infarct extending from endo- to epicardium. In general, the involved areas in 
the animals, surviving eight weeks were sharpty demarcated (Fig. 3), the ven- 
tricular wall was thin, measuring in some parts only 2 to 3 mm., and the muscle 
was replaced by gray fibrous tissue. 

liDcroscopic analysis of the infarcts in the control, aminophj^Uine and papa- 
verine-treated groups failed to disclose anj”- noticeable difference in the stage of 
healing in the three groups. A total of ninety-two sections were examined by 
independent observer udthout previous knowledge of the identity of the sec- 
tions ; the sections were taken from different regions of the infarcted and nor- 
mal myocardium. Only four of the fortj^-six infarcts or, 8.7 per cent showed 
the subacute stage of healing mth pigmented macrophages, fibroblasts, and fine 
collagen formation; these were scattered betv'een the treated and untreated 



Fic. 3.— View of a dog’s heart (12P, Table II) to show the appoarar^ of the infarct 
eight weeks after ligating the left anteiMor descending infarct is m 

an unusual location, being confined almost exclvrsively to the septum. 



from topography of infarcted area resulting 

descending coronary artery. Dog survived ten days after 
; :rSnVofn the tfo infarcted area is the darker'^.shaded 
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group^i AH .remaining sections showed the advanced st^e of healing with 
compact arrangement of fibroblasts and dense collagen tissue (Fig. 5). 

' 3. Coronary Anastomoses.— The anatomy of the coronarj'^ arteries of the dog 
has been adequately described in the literature (Spalteholz/’^ Moore, and Pi- 
anetto^®) and in general our observations of sixtj^^wo injected hearts cor- 












1 ;. 


. Fi&.v6. — Coronary arteries . of a normal dog showing predominance of the left 
artery which is uniformly present in dogs. There are fine anastomoses between 
right coronaiy- arteries (in the circled area). This is an infrequent finding. Injectea wim 
lead-agar mixture'. ■ ' , 
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Table III. Incidence and Type op Anastomoses in Hearts With Inpargts Eight Weeks 
" After Tie op Left Anterior Descending Coronary Artery 


- 

CONTTOT. 

aminophylline- 

TREATED 

PAPAVERINE- 

TREATED 

TOTAL 

S'lcv't". .;'ul 

17 

i:> 

13 

43 

I 'ii.-Dfi'C'-'- fill i Jijf'ct ion.-; 

1 

] 

1 

3 

Left to left anastomoses* 

' 11 

10 

IJ 

32 

Right to left anastomoses* 

0 

0 

0 

0 

Convergent anastomoses* 

3 

2 

1 

6 

No anastomoses ‘ " ' 

3 

1 

1 

5 


♦See footnote of Table II. Right to left anastomoses indicates that branches of the 
deft coronary artery are entirely supplied Prom the right coronary arterj'. 



tr> artery Injection of Dog 14P (Table II) from papaverine-treated group, 

G?^ht ^ retrograde filling distal to site of coronary occlusion made 

eight •sveeRs prior (shown by arrow). Injected with lead-agar mixture. Infarct =: 4,3 cm.* 

respond with these descriptions. It should be emphasized that the left coro- - 
,nary artery is uniformly predominant in the dog (Fig. 6), whereas this left 
dominance oceura in only 20 per cent of human hearts.^® 

In Tables II and III are summarized the presence and type of anastomoses 
encountered in the dogs vdtii coronary ties and myocardial infarcts which sur- 
vived eight “weeks; the terminology followed is that suggested by Schlesinger.® ^ 
It will be seen’ that anastomoses developed in the vast majority of cases, but ^ 
111 a few (11.6 per cent) they failed to appear. No instance of right to left 
anastomoses was encoimtered, a small number were convergent anastomoses, 
but m most of the cases the anastomoses Avere left to left. This is also true in 
mon even in instances in which the right coronary artery is predominant.® 

ere Avas no correlation betAveen the presence or extent of the anastomoses 
and the size of the myocardial infarct.' Furthermore, no difference Avas ob- 
seiwed between the treated and untreated groups of cases. Nor could any dif- 
ference be obserwed in the vascularity demonstrated on injecting lead^agar 
mixture between the treated and untreated cases. Examples of left to left^or 

rpStsrir" “ ^ 

of anastomoses was not signifleantiv different in the 
thiee groups with infarcts, there was clear eridence that in' alt th™ “ 


5 


— 



Fig. ;8. — Coronarj' artery Injection of Dog- HA (Table H) from aminophylUne-treated- . - 
group to show' convergent anastomoses with retrograde lining distal to. site of coronary oc- ; 
elusion made eight, weeks prior (shown by arrow). Injected with lead-agar mixture. In- 
farct = 11.1 cm.s 



Fig. 9. — Coronary artery injection of Dog 7C (Table II) from control- group to shc^ , 
X.-L« anastomoses with retrograde filling distal to site of coronary occlusion made eight weens 
prior (shown by arrow). Injected with lead-agar mixture. Infarct = 11.5 cm.’ 
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entire series of animals surviving eigkt weeks after coronary tie were com- 
pared mth a series of animals -with ligation post mortem in which the same in- 
jection material was used, namely lead-agar mixture, the frequency of anas- 
tomoses was strikingly different, viz., 88,4 per cent in the former compared with 
13.3 per cent in the latter (Table IV). Two instances of absent anastomoses 
when injected vith lead-agar mixture in these post-mortem ties are shown in 
Pigs. 10 and 11. 



PIb. 10.- — Coronary artery injection of dog to show absence of any anastomoses distal to site 
,of post-mortem tie of coronary artery (shown by arrow). Injected with lead-agar mixture. 
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Table RL Comparison op Anastomoses in Hearts With Infarcts Eight Weeks After 
Coronary Tie and Normal Hearts With Post-Mortem Coronary Tie op Left 
Anterior Descending Coronary Artery 



HEARTS SORVIVING EIGHT 
WEEKS AFTER TIE 

LEAD-AGAR MIXTURE* 

NORMAL HEARTS WITH 

LEAD-AGAR MIXTURE* 

POST-MORTESI TIES 

LEAD-MERCURY- 
GELATIN mixture! 

Anastomoses 

38 

2 

10 

No anastomoses 

5 

13 

4 

Totals 

CO 

1,5 

14 


•Lead-agar was injected mainly into vessels over 40 mlcra (see text). 
■j-Lead-vnercui^'-gelatin was Injected into vessels 'between 10 and 40 mlcra in 70 per 
cent of cases. 





Fig. 12. — Injection of left coronary arterj' only showing the absence of L-R anastomoses 
'but the presence of L-L anastomoses, with retrograde filling distal to site of post-mortem tie 
(shown by arrow). Injected with lead-mercury-gelatin mixture. 

These findings do not deny that anastomoses will be readily demonstrated 
in the normal dog’s heart if a fine enough injection material is used. The extent 
of idsualization depends on the size of the communicating channels and the size 
of the particles of the mass used to inject them. When one coronary artery is 
perfused with saline we have found that the fluid flows out of the other artery. 
Innumerable anastomotic channels are easily seen on the surface of the heart 
when India ink is injected into the coronary arteries. However, using the lead- 
mercury-gelatin mixture, which has smaller particles than the usufihTadiopaque 
materials used, and injecting only the left coronary artery under normal pres- 
sures (150 to 200 mm. Hg), one does not ordinarily see anastomoses between 
the left and right coronary arteries (Fig. 12). This is at variance ivith the 
observations of Prinzmetal et al.,^® who were able to inject the entire coronary 
system in normal human hearts by injecting one branch of the left coronary 
artery. In the dog, communications between the ventricular branches of the 
right coronary artery and the right ventricular branches of the left coronary 
artery can be demonstrated only infrequently. Such an instance is illustrated 
in Pig. 6. With the lead-mercury-gelatin mixture, however, fine anastomoses 
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are abimdantly demonstrated between the anterior descending, marginal, and 
circumflex branches of the left coronary artery (Fig- 12). 

That the size of the injecting matei-ial determines the number of anas- 
tomoses demonstrated was shown by comparing a series of fourteen hearts mth 
post-mortem coronary ties injected with lead-mercuiy-gelatm with a group of 
fifteen hearts with post-mortem coronary ties injected with lead-agar. ^As 
Table IV shows, the percentage of eases with anastomoses in the former is /1.4 
per cent compared with 13.3 per cent for the latter. The difference can also be 
appreciated by comparing Figs. 10 and 11 with Fig. 13. 

It was observed over and over again that, when anastomoses are present, 
the vessel having a tie on it, whether placed there eight weeks before or at post 
mortem, fills from below indicating the absence of leakage past the ligature. 



Fig. 13 Coronary artery injection shawingr L-L ana'stomose.s with retrograde filling distal to 

site of post-mortem tie (shown by airow). Injected with lead-mercury-gelatin mixture. 

It is significant that the lapse of time after ligating a coronary artery 
makes the demonstration of anastomoses easy even with injection media with 
larger particles. Our data on animals surviving the coronaiy tie for less than 
eight weeks are too incomplete to warrant any statements on the time it takes 
for collaterals to' develop and enlarge. However, we have inadvertently made 
observations on the effect of pericardial adhesions on these collateral channels. 
In two mstance.s, a gauze sponge, 4 by 3 cm., was left in the pericardial sac. At 
necropsy, many adhesions between the .scarred myocardium and parietal peri- 
cardium could be demonstrated. The hearts witli these adhesions failed to re- 
veal any additional vascular channels to the myocardium by way of the ad- 
hesions. This is in accord with the findings of the more systematic study of vas- 
cularization by pericardial adhesions made by Burchell.’^ 

DISCUSSION 

I 

The fact that myocardial infarcts develop when a single major artery like 
the left anterior descending artery is occluded shows that the coronary arteries 
are end arteries even though anastomotic communications can be demonstrated 
m many instances. Wliile these communications can supply some blood to the 
region rendered ischemic by coronary oeclu.sion, they are inadequate to make 
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up entirely for the deficit in blood supply. In this sense, then, the coronary 
arteries in the dog, and, presumably in man, are-end arteries physiologically. 
Coronary arteriosclerosis tends to alter this condition by stimulating the de- 
velopment of a more adequate collateral anastomotic system so lhat occlusion 
of single large coronary artery branches need not lead to myocardial infarc- 
tion. Myocardial infarcts in the presence of coronary sclerosis usually develop 
only when more than one of the coronary ai’teries supplying a region are nar- 
rowed or occluded, as earlier woz’k has demonstrated.^® 

Our results have phown that coi’onary vasodilator drugs have an effect on 
infarct size. Infarcts in papaverine-treated dogs are definitely smaller than 
-those in untreated animals. Aminophylline also has a statistically significant 
effect, but less striking than that of papaverine. Our experience, therefore, 
supports the use of such vasodilators in treating recent myocardial infarction. 
Of course these drugs should be given in adequate amoimts and frequently 
enough so as to have a sustained effect of sufficient intensity. The route of ad- 
ministration chosen should also be one which ensures that the drug gets to the 
coronary vessels in adequate quantities. Papaverine can be given either orally 
or parenteraUy, but in the case of aminophylline the question may be raised 
whether oral administration is effective. Reduction in the size of the ischemic 
area is of value in lessening the amount of heart muscle which remains impaii*ed 
and nonfunetioning and so should lessen the occurrence and extent of heart 
failure and also the acute coronary insufficiency of the regions of the heart not 
primarily involved b}^ the occlusion. If generalized, coronary ' ‘ spasm ac- 
companies infarction, the vasodilator drugs 'will also tend to neutralize this ef- 
fect. Papaverine has other advantages in that it is a mild sedative and is valu- 
able in preventing active ectopic rhythms.^* ® 

Although a better blood supply to the heart areas supplied by the occluded 
coronary arterj' must be postulated to account for the smaller infarct size in - 
the drug-treated dogs, this could not be demonstrated by injection of the coro-' 
nary system eight weeks after -coronary ligation. Size and extent of the vascu- 
lar bed to the ischemic area demonstrated by the method employed were of the 
same order in the ijapaverine-treated and in the aminophylline-treated dogs as in 
the untreated ones. There are two possible explanations for this apparent 
paradox. 

First, the size and extent of the vascular bed which was formed to supply 
the ischemic area at the end of eight Aveeks gave no clue as to the i-ate at which 
this vascularization developed. ' Examination at the end of eight weeks shoAVs 
the extent of the maximum blood supply then existing regardless of Avhether 
this development took place sloAvly or rapidly. HoAvever, since the enlarge- 
ment of collaterals appears to depend, among other factors, upon the pressure 
, gradient across the anastomotic communications, those that develop rapidly at 
first Avould cause a loAvering of the pressure gradient and therefore dcAulop more 
slowly later in comparison AAuth those that develop sluggishly at first. After a 
time, therefore, the more sloAvly developing anastomoses Avould, as it Avere, catch 
up AAuth those which started to develop brusquely. Vasodilator drugs AAmuld 
be expected to facilitate the early rapid development of collaterals by dilating 
the coronary vessels leading to the communicating vessels. This is due to the fact 
that such vasodilatation increases the pressure gradient across the anastomosis 
by le^ening the pressure gradient from the aorta to the junctions of these anas- 
tomoses AAuth the patent coronary arteries. The earlier development of col- 
laterals in the drug-treated dogs Avould lessen the ischemia of the peripheral 
areas of the ischemic region sufficiently to preAmnt them from becoming necrotic. 
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The vasodilatation in the drug-treated animals not onl 3 ' facilitates the early 
growth of anastomotic channels hut/ in addition, pro\ddes a greater blood 
snpplj- through dilatation of channels alreadj'" existing. The size of the vascular 
bed revealed by necropsy injection does not necessaril}'" give the picture existing 
during life, since it ignores vasomotor tone. Even with the same extent of anas- 
tomotic channels, the vasodilator drugs provide a larger bed with a greater 
blood flow than is present in an untreated animal. 

From our results the following conclusions are drawn : 

(1) The action of papaverine and, to a lesser extent, aminophjdline on 
infarct size is to provide a greater blood flow to the ischemic area by decrea.sing 
the vasomotor tone of the coronary vessels and by facilitating the earl}' de- 
velopment of collateral channels when the ill effects of ischemia can be com- 
pensated for most adeguatel}' and necrosis avoided. 

(2) Collateral circulation is present even before the coronaiy artery liga- 
tion since a large percentage of control animals show injectable channels after 
post-mortem coronary tie wdien, a medium of small-sized particles like the lead- 
mercurj'-gelatin mixture is used for injection. Such channels are found to be 
increased in size eight weeks after the coronary tie since they are then more 
readily filled even Avith larger-sized particles such as found in the lead-agar 
mixture. The enlargement and development of the eoronarv collaterals arc 
brought about ly the altered pressure gradient following coronarj' occlusion. 
Normally there is little pressure drop across these interarterial communications, 
but following coronaiy occlusion a marked pressure drop occurs which, operat- 
ing over a period of time, leads to their enlargement on a purelj' mechanical 
basis. This enlargement is, of course, favored b.v the loss of vasomotor tone con- 
sequent to the vasodilator action of local ischemia, and, in the case of the drug- 
treated animals, it is further facilitated ly the vasodilator effect of the drugs. 


SUMMARY 


1. Papaverine and aminophyUine, when gh'^en for a period of eight Aveeks 
in amounts comparable to therapeutic and nontoxic doses in man, reduce the 
size of experimental mj’-ocardial infarcts in dogs. PapaA^erine is more effectiA^e 
than aminophylline in this respect. 

2. There is an anatomic increase in the size and number of anastomotic 
channels in infarcted hearts Avith occlusion of a main coronarA’- arteiy as com- 
pared Avith noiTual hearts. This was demonstrated by injection technique. 

3. No difference in the stage of healing Avas seen microscopicall}’- betAveen 
the treated and untreated dogs at the end of eight Aveeks. 

4. The difference in infarct size betAveen the treated and untreated dogs 
Avas not associated A\dth any anatomic difference in the post-mortem demonstra- 
lion of the extent of the anastomoses. It is concluded that the difference in 
infaict size aa'Os, therefore, due to a larger caliber of these anastomotic chan- 
nels during life in the drug-treated dogs because of coronaiy A^asodilatation and. 
probabl}', also to their more rapid early development. In these two ways the 

marginal area of the ischemic region aa^s rendered sufficiently less ischemic 
as not to become necrotic. 

5. It is concluded that the rationale of early vasodilator therapy in recent 
myocardial infarction has been demonstrated and that both aminopliA'Uine and 
papaA’crine, especially the latter, have been shoAvn to be effective. 
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PRIMARY TmiOR OF THE LEFT AURICLE SIMULATING 

SIITRAL STENOSIS 

iMiRLtJi Hirschfeldt Field, JI.D., I^Iaurice A. Donovan, SI-D., 

.AND Helmuth Simon, M.D. 

. Schenectady, N, Y. 

T umors of the heart, though rare, are of considerable interest. Statistics 
compiled by Mead show that primary^ tumor of the heart occurred in 0.03 
per cent of all autopsies (40,000).* The literatui’e on this subject up to 1931 
has been thoroughly reviewed by Yater,^ and since then by Dlead,* Gilchrist and 
Millar,® and more recently by Lisa, Hirschhorn, and Hart.** 

The possibility of the existence of such a pathologic state must be con- 
sidered more frequently’' in differential diagnosis of heart disease of undetermined 
etiology. It is only by careful observ'ation, frequent clinical examinations, and 
accurate followup of cases, with this condition in mind, that more exacting 
criteria for early diagnosis may be added to the literature. Only two eases 
have been reported in which the diagnosis was made before death and confirmed 
by autopsy. In both eases the tumoi-s were malignant.®’ ® 

From the Departments of Pathology and Cardiology, Ellis Hospital, Schenectady, N. Y, 
Received for publication Jan. 29, 1945. 
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Becent reports in the literature' describe the removal of an intrapericardial 
teratoma as mell as a tiimorlike mass located in the left ventricle. An advance 
of this nature in intrathoracic surgery serves to stimulate the reporting of all 
eases of cardiac neoplasm with the hope that eventually a satisfactory sj nijrtom 
complex for early diagnosis may be achieved. 

The purpose of this paper is to present a case of primary tumor of the 
heart diagnosed as mitral stenosis in a 48-year'Old woman. The presenting 
signs, electrocardiographic and x-ray studies, were confirmatory of this diagnosis. 
The at^irical course during the last few days of life was explained on the basis 
of unusual complications. It is this atypical course that recently has been re- 
emphasized as being most helpful in the diagnosis of heart tumor.® Certain 
pathologic observations made in this ease suggest that hemorrhage into the tumor 
may have originated earlier than might have occurred it the use of digitalis had 
been omitted.® 

The following report is of interest in several respects and adds another case 
of primaiy tumor of the left auricle to the already accumulated literature. 

V 

CASE REPORT 

A 48-year-ol(l mairied woniatt prof-ented licrpelf to her fiiniily plivfcician with complaintb 
of exertional dyspnea, chest pain, cough, weakness, and menopausal symptoms. Physical 
examination was negative except for a soft mid-diastolic murmur at the mitral area, heard 
only in the left lateral decubitus and accentuated by moderate exercise. She had been 
under the care of a competent internist for some time pieviously. The diagnosis of heart 
disease was a complete surprise to the patient, as she had been reassured many times con- 
cerning her cardiac status. An electrocardiogram taken at this time (Fig. 1) sho^Yed regular 
sinus rlij'tlim at a rate of 100. There was slight right axis dcriatiou. There was a 
prominent P. and P,. Lead WF showed a small E^. There was a tendency to low voltage 
and some slurring of the QRS complexes. 

The x-ray findings (Fig. 2) by Dr. Iv. L. Mitton weie reported as follows: 

Examination of the chc.st showed tiiat the left side of the bony cage was slightly fuller 
than the right. The aorta was well rvithin the limits of normal in size. There was consider- 
able fullness of the left auricle and in tire outflow of the right ventricle. The diaphragms 
were smooth and the angles were clear. Ther-e was an increase in density of the hila which 
was coirsistent witlr. pulmonary congestion, and there was generalized stippled increase in the 
density throughout the chest. 

Impression . — Mitral stenosis with slight pulmonary congestion arrd pulmonary hemo- 
siderosis was present. 

The attending physician decided to place the patient on corrrplcte rc.st in bed, and 
digitalization wa.s attempted. Since this medication was poorly tolerated, a brand of 
lanatosid-C was substituted. The patient’s general condition remained satisfactory during 
the ensuing week. However, the next afternoon and evening, dyspnea became increasingly 
severe, even at rest, and the following morning tire" attending physician recehed an urgent 
summons to the home of his patient. She appeared in extremis and was breathless, w-rtli cold, 
damp extremities and nrarked pallor; the clinical picture suggested peripheral circulatory 
failure. The blood pressure was 80/(50. The pulse was feeble and irregular; the rate was 148. 
Bhc was admitted to the hospital. 

On examination, after hospitalization, the patient was seen in a serrriupright position, 
receiving oxygen by tent and showing extreme restlessne.^.s. She was pale, witli cold extrerni- 
tic.s, and apprehensive. She complained bitterly of pain in the lower lumbar spine, referred 
up to the cervical region and out toward both shoulders. The neck veins were not distended, 
tiro heart sounds were mainly regulai, with occasional extra systoles, of good quality and 
with a rate of 120. A presystolic rauimur was detected at the mitral area. The lungs were 
clear anteriorly, but there was dullness in the right base, ami a few n'lles were heard^’in this 
area. The abdonten was tender and moderately distended, and the liver was enlaro-ed 3 fino-er- 
breadths below the costal margin. There was no ascites or peripheral edema. 

AVo were faced, therefore, with a seriously ill patient who had an emergenev hospital 
admission, fehe was presented as a case of mitral stenosis, who had been on bed rest for 
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one week, more or lep& completely digitalized, and «ho, after some minor dyspnea the 
preceding evening, suddenly went into shock. The natural thought nas to review the common 
complications of mitral stenosis, such as are given by White^o: (i) Pulmonary congestion 
without heart failure (due to a tight mitral valve); (2) right ventricular failure; (3) 
auricular fibrillation; (4) embolism either into the arterial circulation or pulmonary in nature, 
as a paradoxical embolus or from a deep leg rein phlebitis; and (J) paroxysmal tachycardia. 

In addition to these considerations the possibility of an abdominal disorder,' such as 
mesenteric thrombosis, or an acute surgical abdomen superimposed on heart failure, was 
entertained. A ball-valve thrombus in the left auricle was considered as well. However, the 
abrupt clinical changes from a critical to a greatly improved state tended to rule out 
mesenteric thrombosis. 


! 
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FiE. 1. — Electrocardiogram showing slight right axis deviation and piominent Pj and Pa- 

Although certain findings of the examination suggested the possibility of pulmonary 
infarction, others pointed toward light ventricular failure with hepatic engorgement.ii A 
careful appraisal of the entire picture showed serious contradictions among the signs sug- 
gesting either of these conditions. It was difiieult to correlate the extremely ill state of the 
patient with the findings detected on physical examination. On the basis of sudden engorge- 
ment of the liver, with absence of distension of the neck veins, the diagnosis of acute right 
ventricular failure seemed a possibility, especially with dullness and rales in the right base 
(due to upward enlargement of the Incr).^! 
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. Since the primary pathologic condition was cohsWered as mitral stedosis^ : Ihg .possibiiity 
of associated, interauricular , septal defect (Lutembaeher’s , disease) .'with retrbgr^e embolism 
from' the left auricle, '.its, appendage; or the mitral valve causing a pulmonary inf iirction in. the 
base of the right lung or traveling down, to .block, the. inferior vena cava, and resulting in . 
sudden liver enlargement, was considered. ^ ' .. . 

It was e\'ident that other complications of mtfal stenosis, such as embolism some-- 
where in the' arterial circulation, was not a clinical problem and that auricular fibrillation was 
not present, as the earlj' arrhythmia was . transient and due to ventricular extrasystoles. 

Paroxysmal tachycardia was easily ruled out by the gradual fall in pulse rate. ' ; 

,Tlie patient received active and supportive treatment with oxygen, Coraniine,. caffeine 
sodium benzoate, Cedilanid, and small doses' of morpliine with atropine. . During the next 
twelve hours she seemed improved,-, her pulse became strong, and the "rate began, to fall 
gradually. The following morning she was catheterized and 18 ounces w’ere obtained.’ The 
next day she seemed improved and much less apprehensive, the pulse rate wms 108, of, good 
quality, and regular. The blood pressure was 107/74. She had rested-well during the night 
and the, skin was pink and warm ; she , had an occasional dry cough, but the limgs were clear. 
She had been .unable to retain fluid, so a clysis of 500 c.c. of saline with 2.5 per cent glucose 
was given, at 10:30 a..m. and 6:30 p.m.. She took fluid easily the next day, retaining 1,370 'e.c. 
in twelve hours with an output of only 270' cubic centimeters. Examination showed a.dis; 
tended bladder, and 12 ounces were obtained on catheterization. The back pain had dis- 
appeared,, breathing .was improved, and ox 3 'gen was discontinued. The right. lung had cleared,. 


• Figr. 2. — Roentgeno&ram of heart and lunfirs suggesting mitral stenosis. 

the liver was barely palpable, the- patient tolerated light nourishment, and during the 
ensuing twenty-four , hours the fluid intake was 1,780 c.c. with 990 c.c. output. Although the 
general, picture suggested gradual but steady improvement, it was apparent she was more 
comfortable in the upright position. The patient imd several <■ sudden attacks in- which 
tliere was an abrupt transition from reasonable progress to a gravely ill state. When in this 
condition, the findings were similar .to tiiose noted on admission. The following twelve hours 
the intake was 980 c.c., and the output fell to 0. The admission temperature was 98° P. and 
-rose , to 102° P.-. on the, third .hospital dav-. It remained at the level of 100° P. until the death 
of the patient. The respiratory rate was 30 on admission, fell to 22 on the second dav, and 
remained at this rate until the final episode. Very suddenly the patient had an attack similar to 
that described on her admission, the pulse became small and feeble, and blood pressure 

grain of morphine seemed to improve her condition 
nttacl. a.d the patient died suddenly, aia 

oc, Hemoglobin,: 81 per , cent;, . erythrocytes, 4,100,000 : - leucocytes 

,-8,000, icteric index,- 18; c:irbon dioxide combining power, -38 vol. per cent; urea'-nitrogen 53 
-E. per ce„,. t.-ripe: aU„„,.ie, ,„„e; . e„gar, abaent; few h™,L c-aht.,’ “a H.e ‘eS™* 
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' Necropsy.— An examination of the body' was performed two hours, post, mortem. ■ The ' 
. body was that of a fairly well-nourished and well-developed rvliite w’oman. The, face and 
neck were deeply cyanotic. The pupils were 4 mm. wide, found, and equal. TJiere was ho' 
^ , definite jaundice and no edema. When the sternum and tlie adjacent ribs w'ere remoi'ed, 

, the left pleural cavity was found to contain about 500 c.c. of clear straw-colored fluid. No 
fluid ^yas' found in the right cavity. ‘ Each pleural cavity was free of adhesions. The heart, 
when freed from blood clot, weighed- 400 grams. It was globular in shape, moderately en- 
larged, and in diastole. The epieardial surface showed nothing of note. On opening the left 
■ 'auricle a .soft but re.silient tumor mass was found filling the entire cavity. The tumor con- 
sisted of a roughly globular, polypoid ^owth, 6 b}' 5 by 0 cm., the external surface of which 
Avas slightly lobulated, glistening, grayish green, and devoid of any signs of recent thrombosis. 



Fig-. 3. ’ ■ ' ■ Fig. 4. 


Fig. 3. — Photograph showing peduncuiated myxoma attaciied to the interauricular septum 
of the ieft auricie. 

Fig. 4. — Photomicrograpli (X300) of the lieart tumor .sliowing delicate blood vessels, 
fusiform and stellate cells in a mucoid matrix. ’ 

It -was attached by a broad base to the interauricular septum just above the upper border of 
the closed foramen ovale (Fig. 3). "Vnien first seen the tumor rested snugly in the mitral 
orifice, but it could be displaced above the valve base. A longitudinal bisection of the tiimqr 
showed the base mottled red and brown while the periphery varied from a translucent yellow < 
green to gray and resembled gelatinous material. The ventricles were both moderately dilated, 
particularly the right one, and the -walls of the latter chamber were considerably hypertrophied. 
The valve measurements were all within normal limits. The cusps and leaflets of all valves 
showed no evidence of vegetations, and there was no scarring to suggest previous valvular 
> -injuiy. All chambers were free of thrombi. The root of the aorta had a smooth intimal 
surface. The coronary arteries -were tliin walled and patent. Both lungs showed an in- 
creased firmness, and the cut surface was that of chronic passive congestion. The peritoneal 
cavity contained no free fluid. The liver weighed 1,350 grams. The capsule was , smooth. , 
' ' The cut surface showed the parenchyma pale, golden bro^vnish yellow, and the centers of the 
lobules were quite prominent. The gall bladder was normal. The remaining or^ns were 
examined and , showed nothing of pathologje interest except for the effects of circulatory 
failure. ", - . „ ' 
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Aiiaioini-G Dmgnoses. — The anatomic diagnoses were: tumor of the left atiricle obstruct- 
ing the auriculoventricular orifice; b^o^^'n induration of lungs; and chronic passive conges- 
,tion of liver, spleen, and kidneys. 

Microscopic (Pig. 4).- — Sections of tlic heart tumor revealed a lather acellular matrix 
stained with various degrees of intensitj-, partly eosinophilic and partly basophilic. The 
cells in the loose netwoik of tlie intercellular substance were elongated and fusiform in 
shape. Stellate forms with delicate, anastomosing fibrillary processes neie also seen. A small 
proportion of lound and oval cells with distinct cell membranes and compact nuclei were, 
found about capillaries and blood spaces where they occasionally formed radial palisades. 
Scattered throughout the tumor were multinuclcated cells ^vith scant and pale cytoplasm. 
Wavy elastic fibers were seen in the section stained by the Weigert elastic tissue method. The 
periphery of the tumor was covered with flattened endothelium-like cells. Extravasation 
of erythrocytes and numerous hemosiderin-containing phagocytes W'ere found at the base of 
the tumor. Selected sections through the interauricular wall at the site of attachment of 
the tumor showed it to originate from subendothelial connective tissue without interruption 
of the medial clastic fiber network of the endocardium. The vessels in the subendocardial 
tissue were quite tortuous and had thickened walls. The myocardium revealed no evidence 
of rheumatic disease. 

The lungs showed considerable passive congestion, hemosiderosis, and edema. Signs of 
passive congestion of longer duration were found in the liver, spleen, and kidneys. 





and 






nf in the heart may be a true neoplasm or a thrombus. Tumors 

In 16y"7 the old anatomists and classified as polvni cordis 

In 1685, ZoUicolerus" ivrotc a dissertation on the subiect “Dc a f; 

ichard Link” revieived the literature from 1824 to 1908 and tahnlat d ” '! 
one primary neoplasms of the heart In iqIV tt a , . n'netr- 

prima.^. tumoi-s of the heart of ,vL, mf’ “Ueoted 143 

malignant. Tater, in 1931 teoulht tit to^^ -six -were 

1941 . Lisa, Hirsohhorn n’nd hS adVoT llt^f ” 

literature. thirty-three more eases from the 
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All primary neoplasms of the heart are of mesoblastic origin; fibroma, 
myxoma, sarcoma, and rhabdomyoma predominating. They occur in any por- 
tion of the heart. Myxoma is the most common and the most debated type of 
cardiac tumor. ThoreP^ believed that myxomas are merely degeneration forms 
of oi’ganized thrombi. In a series of articles on tumors of the heart he analyzed 
twenty-four cases reported as myxomas and stated that they were all, except one, 
organized throiiibi. Stahr,^® Karrenstein,’" and Husten^® also believed that most 
endocardial myxomas were thrombi in various stages of organization. Ribbert,'® 
on the other hand, is inclined to think that most of the tumors described as 
myxomas arc true neoplasms originating from rests of embryonie mucoid tissue, 
which persists at times, e.speeiallj’- in the rim of the foramen ovale. He 
emphasized that (1) the masses are usually too large to be organized thrombi, 
(2) it is difficult to conceive of thrombi forming in othervuse normal hearts not 
shovung the slightest evidence of previous endocarditis or trauma, and (3) 
myxomas occur exclusively in the auricles whereas thrombi occur ,iust as fre- 
quently, if not more so, in the ventricles. Ewing,®® in his book Neoplastic 
Diseases, states that separation of myxomas from organized thrombi may be 
based on the highly, mucinous character of the stroma, and on the presence 
of orderly radiating blood vessels and elastic fibers. He continues, “it seems 
unlikely that a simple organizing blood-clot can reproduce the positive features 
of the true myxoma. Hence the great majority of the repoided cases of cardiac 
m juioma are probably genuine. ’ ’ 

Considering our case, the size of the tumor, the site of attachment, the 
absence of layer formation (as would be expected in a thrombus) , the healthy 
state of the endocardium, and the histologic structure all seem to indicate that 
the tumor described above represents a true neoplasm. The presence of hemor- 
rhage at the base of the tumor is of recent origin and is easily explained by 
the delicate structure of the vessels and the mechanical conditions to which 
the tumor was subjected. Digitalis administration and forced contraction of the 
myocardium may have been contributorjL 

Various attempts have been made to classify cardiac neoplasms on a clinical 
basis, so as thereby to facilitate their diagnosis during life. (Link,’® Meroz,®’ 
and Yater,® have each proposed classifications.) Prom a consideration of the 
case reports, it is apparent that the large intracavitary tumors which are usually 
of myxomatous and sometimes sarcomatous structure give rise to a group of 
s.^'mptoms which are quite characteristic. jMeroz has pointed out that peduncu- 
lated tumors arising in the left heart usually present a clinical picture consist- 
ing of palpitation, pain 'in the cardiac region, edema of the lower limbs, and a 
degree of dyspnea out of proportion to other physical signs. Of the physical 
signs, two in particular are emphasized. The first sign, which was pointed out 
by Ludwig,®® concerns the production of mitral presystolic murmur. The ob- 
struction of an auriculoventricular orifice by the tumor retards the blood flow, 
narrows the stream, and produces the auscultator.y phenomena of a valvular 
stenosis. 

Ludwig®® in reporting a case has collected tw'enty others in which mitral 
stenosis was diagnosed during life, but at post-mortem examination the obstruc- 
tion was found to resrdt from the presence of a neoplasm of auricular origin. 
Several more cases have been reported since. 

The second striking feature is the cliaracter of the respiratory difficulties 
described in patients with auricular tumors. It would seem^ possible that they 
•were produced by the growth meehanicall}’^ hindering from time to time the 
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inflow o£ blood at, the entrance .of the pnlmonaiy veins, thus producing periods 
of temporary stagnation in the lung capillaries. 

The most characteristic feature is the inability to ascribe a satisfactory 
etiological cause for the obvious signs of organic heart disease; there is no 
historj’’ of rheumatic fever; digitalis has no effect, and the phj’Eical signs may 
vary in intensity and in character with change of posture, so that in horizontal 
position only a systolic muiTnur may be heard, whereas when the patient is erect 
and the growth lends to sink downwards into the valve oriflce a presystolie 
rumble may be detected. Attacks of intense dyspnea or paroxysms of cyanosis 
were observed with change of position. 

Sudden death is of common occurrence in primary heart tumors, par- 
ticularly when they arise in the auricle. Death presumably is due to the impac- 
tion of the growth in the mitral ring ; this ball-valve action effectively obstnicts 
the circulation. 

SUMMARY 

1. A ease of myxoma of the left auricle has been presented in which the 
diagnosis of mitral stenosis was made ante mortem. 

2. Recent advances in intrathoracie surgery have been noted with the 
implication that the establishment of a symptom complex for early diagnosis of , 
cardiac neoplasm must be obtained. 

3. The histology of myxoma and the differentiation of this tumor from 
organized thrombi are discussed. 

4. The pathologic findings suggest that the use of digitalis in this condi- 
' lion may have caused early death of the patient, 

5. The hope is expressed that, in cardiac disease suggesting mitral stenosis 
'of unexplained etiology, the diagnostic possibility of a tumor of the left auricle 
will be considered more frequently. 


We wish to thank Dr, Ellis Kellert for the photographs anrl for other assistance in the 
preparation of the report. 
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ADDENDUJt 

The eomplications of mitral stenosis as noted under Reference 10, were 
listed from the second edition of Heart Disease by Dr. Paul D. White. Refer- 
ence to the third edition shows three other complications that should he added : 

1. Pulmonaiy apoplexy — the result of bleeding from a vessel secondary to 
the chronic pulmonai'y hypertension. 

2. The frequent occurrence of neuroeireulatory asthenia and cardiac 
neui'osis. 

3. Hepatic cirrhosis of cardiac origin. 

For the sake of eompletene.ss and to bring the possible complications of 
mitral stenosis up to date, these three additional headings are being added. 


PAROXYSMAL COMPLETE HEART BLOCE:, PRODUCED BY ISCHEmA 
OP THE ALTHCULOVENTRICULAR NODE 

A. Rods, M.D. 

Boston, SIass. 

D espite our extensive knowledge of conduction in the mammalian heart, 
the mechanisms that produce intermittent auriculoventricular block in 
man are not always clear. It is certain that both interruption of the auriculo- 
ventricular bundle^’ - and vagal impulses® can produce conduction disturb- 
ances. A hj'persensitive carotid sinu.s,*' pharyngeal' or ocular I’etlex® are 
clinical examples of the latter. Some difficulties are encountered when these 
data are applied to paroxy.smal complete heart block, a syndrome character- 
ized by periods of auriculoventricular dissociation that alternate with periods 
during •which conduction is normal. 

Short episodes of conduction emban’assment have not infrequently been 
reduplicated by carotid sinus pressure, and their incidence has been reduced 
by atropine." However, a hypersensitive reflex mechanism, though present, 
may not come into play in the spontaneous attacks. Many a patient with a 
sinus sensitive to pressure never has episodes of heart block. If it does, the 
effect might have been enhanced by lesions in the bimdle.®’’ Improvement of 

From the Medical Clinic of the Peter Bent Brigham Hospital and the Department of 
Medicine, Harvard Medical School. 

■Recpived for publication Dec. 4, 1944. 
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conduction following atropi'nization may only mean that a constantly present 
vagal influence upon the bundle facilitated the development of block ; whereas 
the latter was produced by a factor acting directly upon the auriculoventricular 
system. Attacks of hours duration can hardly have been produced by nervous 
influences, that is, if we exclude toxic substances, such as digitalis, from our 
consideration. They must have an intraeardiac basis. It is notoriously diffi- 
cult to correlate the 'histologic state of the conduction system with its func- 
tional ability during life.®® 

AVe have examined the thirty-one cases of paroxysmal complete heart 
block reported in the literature.® The block could be temporarily abolished by 
atropine in six instances.®'^’ ® Here the attacks never lasted longer than 
one to two minutes, usually several seconds. Pressure of thenieek produced a 
shorif attack of block in one case.®*^ In six eases the conduction system wms 
examined with considerable care.®®’ " In one patient with short attacks 

of block it Avas entirely undamaged.®*' A second case had manifested short at- 
tacks of ventricular asystole which were often provoked by swallowing and 
could be abolished by atropine.®'' Alore than two years before death chronic 
complete block, not aholishable by atropine, became established. A large cal- 
careous mass had breached the continuity of the conduction system at one 
place. Vagal impulses playing upon a highly diseased structure’’® offer an 
adequate explanation for the attacks. The remaining four cases had shown 
episodes of complete block lasting from several hours to several months. In 
all four, inflammatory or degenerative lesions were found in or near the con- 
duction system. In one,®® thin-walled blood sinuses had reduced the size 
of the bundle. In none of these four cases had the continuity of the aurieuloven- 
tricular connection been breached. In one®" atropine failed to improve con- 
duction; in all four, moreover, the duration of the attacks made a nervous 
influence highly improbable. Increased filling of the sinuses®® and temporary 
pressure by, or edema around, the more permanent lesions have been suggested 
as the cause of the attacks. In tAvo instances®*’ " marked narroAving of the 
small arteries in the vicinity of the conduction system Avas found. LeAvis®'* 
suggested that a “disease of the small vessels” might account for the tem- 
porary inability of the bundle to conduct impulses. 

We shall present a ease of paroxysmal complete heart block in Avhich the 
attacks Avere produced by ischemia of the auriculoventricular node, diagnosed 
by the electroeardiogram. 


CASE REPORT 

E. s., a 7G-year-old newspaper artist, was admitted to tlie Peter Bent Brigham Hos- 
pital on April 17, 1944. At the age of 21 years lie had had a fainting attack that lasted 
a few seconds, following an attempt to take something from a high shelf. In 1942 several 
toes of the right foot had keen amputated because of gangrene. Except for some residual 
pain in the foot, he coiitinued to be entirely well and active. Four weeks before admission 
the patient started to have attacks of fainting. They occurred while he was standing at 
work, sitting at home, or lying in bed. They w'ere not related to any position of the head. 
Sometimes he noticed giddiness before fainting, but mostly the attacks came without 
warning. 'They were not associated with biting of the tongue, passing of urine or feces 
or convulsions; they lasted for only a few seconds and were followed by no ill feelings" 
They occurred once to three times a day, but four days before admis.‘=ion he had ten 
attacks within twelve hour.s. In one of these he hurt Ms chin and jaw, 

_ Physical examination showed an active man. His temperature was 98.6° F. frectall • 
^spirations, 10 per minute; pulse, 00 per minute and regular; and blood pressure 190/80. 
Ho showed no cyanosis, edema, dyspnea, or orthopnea. There was tortnositv of the retinal 
vessels and tortuosity and hardening of the temporal and radial arteries.* No pulsations 
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could be felt over the posterior tibial arteries, and only veiy weak pulsations could be felt 
over the dorsalis pedis arteries. The right cheek showed swelling and bluish discoloration 
and was tender on touch. There were well-healed surgical scais on the right foot. The 
apical impulse was just palpable. A Grade 3 systolic murmur was heard over the apical 
and aortic areas. Aj was diminished in intensity. The lungs were clear. 

The red blood cell count was 4,200,000; hematocrit, 37; Hinton, negative; and blood 
urea nitrogen, 16 mg. per cent. The glucose tolerance test showed a diabetic curve ; the urine 
contained a trace of sugar. A 7-foot film of the heart showed it to be normal in size, by 
height-weight ratio, and normal in contour. There was calcification in the aortic arch. The 
lungs were clear. 

Clinical Course . — ^During the first twelve daj's the patient had twenty-nine episodes of 
sj'ncope and three of bradycardia. After that no more attacks occurred. In the long 
syncopal attacks the initial giddiness was followed by unconsciousness and convulsions; 
during the short ones there were no objective sjTnptoms. Only rarely did the attacks 
follow excessive torsion of the neck; usually no event could be related to their onset. They 
frequently happened while the patient was quietly 13'ing in bed. Pulse and heart sounds 
disappeared with the onset of giddiness and returned at the end of the attack. Six times 
digital pressure was applied to the left or right carotid sinus, or to both simultaneously. 
During the first twelve daj's this invariablj' resulted in disappearance of pulse and heart 
sounds and in giddiness or convulsions, after which the original rate tvas resumed. The 
sjmcope could be produced with equal ease whether the ventricular rate prior to pressure 
was 75, 40, or 20. Later, pressure on the sinus did not produce more than a moderate 
degree of sinus slowing, confirmed bj' electrocardiograms. 

The three episodes of extreme bradycardia lasted for thirteen, three, and three hours, 
lespectivelj'. In addition to loud and slow heart sounds, rapid and faint sounds neie 
audible. The blood pressure remained unchanged. AVeakness and a sick feeling in the 
stomach were the onlj' complaints. The third attack was preceded and followed bj' a 
period of moderately slow' rate (40 per minute), lasting for forty-eight and thirty hours, 
respectivelj'. 

Fainting occurred in the course of normal, slow, and intermediate heart rate. Some- 
times a rate of 60 before fainting was found to have changed to one of 20 fifteen minutes 
thereafter; at other times the opposite was the case. AVe did not observe the heart rate 
immediately before and after spontaneous sj-ncope. Changes in rate without intervening 
fainting also occurred. 

On both the second and third days the patient received three 0.6 mg. doses of atropine 
sulfate bj' mouth; during the following three daj's this was increased to five 0.0 mg. dose*-, 
after which it was discontinued. The drug had no effect upon the incidence of fainting; 
nor did it prevent the bradycardia from recurring. On the evening of the fourth day, 1.25 
mg. injected intravenouslj' failed to increase the pulse rate, which was 25, but only ac- 
celerated the auricles from 60 to 75 per minute. However, it abolished, temporarily, the 
effects of carotid .Mnus pressure. 

The patient was discharged after three weeks. He resumed his work and was last 
seen in September, 1944. He had been quite well except for an occasional short spell of 
giddiness, provoked bj' looking upward. The heart rate was 70; the rhj-thm was regular. 


Fig. 1. — Standard Lead II during an episode of bisemlny. For interpretation see text. 
In this and tlie following- three figures each division of the scale represents 0.04 second (ab- 
scissa) and 0.1 millivolt (ordinate). , 

. ANALY.SIS OF THE ELECTROCARDIOGRAM 

"We were able to obtain many electrocardiogi'ams and shall give a detailed 
discussion o£ their features. When ventricular rates of 60 to 75 were present, 
normal sinus rhythm was invariably found. Rates of 40 were due to failure of 
the ventricle to respond to every second auricular impulse. Rates of 20 to 28 
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were caused by auriculoventrieular dissociation, the auricular rate being 60 to, 
, 70. Whenever the ventricle responded, to auricular impulses thei'P-R interval 
was' normal , (0.17 second). On the tenth hospital day, occasional coupling, was 
found for a period of three -hours. There was complete heart, block, but when 
coupling was present the second complex-, always represented a sequential beat 
with a constant and normal P-R interval of 0.17 second (Pig. 1 ) . Two tracings 
were obtained during carotid sinus pressure, applied when the rate was 70. 
'After initial slowing of the auricles, udth presem’^ation of the normal P-R 
interval the ventricular manifestations suddenly disappeared and the auricles 
speeded up somewhat. Release of pressure was followed by return of un- 
changed sequential beats at 85 per minute. 



Fig. 2. — Standard leads. First and tliird rows: normal A-V conduction. Fifth row tvvo- 
. to-one bloclc. Second and fourth rows ; A-V dissociation. For interpretation see text. 


Two entirely different forms of ventricular complex were found; In the 
most common one, present on all but one occasion, the initial deflection lasted 
for 0.14 second (Figs. 2 and 3).’ It resembles that interpreted by Wilson and' 
his co-workers as right bundle branch block.^" Uuipolar^^ 
from six precordial points^^ and from the three extremities. From Fig. 3 it 
is evident that we are actually dealing with a block in the right bundle branch 
During one of the periods of dissociation a different form of complex was 
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recorded (Fig. 4), Its duration was 0.12 second. - The conduction disturbance 
is probably in the left bundle branch. . ' , . . 

Our main interest is centered upon the final defiection. The marked vari- ^ 
ability of this part of the ventricular complex is evident from Figs. 2 and 3.* 
"With the purpose of expressing the variations in a quantitative way, a method - 
of analysis has been used that was developed by 'Wilson and his companions.^^ 
l^^ereas the QRS group is the mauifestation''of invasion of the ventricular 
musculature by the electrical process (impulse), the T wave is that of its re- ' 

■ treat. The former process occupies a shorter time than the latter. If, how- 
ever, the duration of complete involvement by the impulse (“electrical sys- 
tole”) is tlie same for each muscle element of the heart, the electrical effect 



Fig. 3. — Standard leads (first row), unipolar leads from right arm, left arm, and left 
leg (second row), and unipolar precordial leads from six points during right bundle branch 
block. The diagnostic features are the double-peaked upward deflection in V, and the. deep S 
wave in Vs to V«. The unipolar extremity leads are mixtures of the potential changes occur- 
ring on the two ventricular surfaces, fs'ormal A-V conduction. 


produced by the heart as a -whole during invasion will be the same, though 
opposite in sign, as that during retreat. In that hypothetical ease, the areas 
of QRS and of T, wliich are a measure of these effects, will also be the same 
and of opposite sign, and their algebraic sum will be zero. Deviations froiib 
this value are a measure of differences in duration of systole of the muscle 
elements, as projected on the direction of the particular lead. The vector that 
represents these deviations can be calculated from the areas of the QRS-T com- 
plexes of any two standard leads in m\ich the same way as the instantaneous 

‘The four electrocardiograms that have not been reproduced resemble those of Fig. 2: 
The electrocardiogram taken on April 22 resembles that taken on April 21 at 2 P.Jt. : the one , 
taken on April 24 re.sembles that taken on April »21 at 2 p.m, but has a higher Ts and T^; 
the one taken on April 26 resembles that taken on April 25; and the one taken on April .27’ 
resembles that taken on April 21 at 9 p.m. 








UOOS ; 


PAROXYSilAL COAtPLETE HEART I31.0CK 


vi‘±o 


• T • Tf indicates the direetiou ill which the greatest 

Mera>ee“ta dmltion of systole -are Is t’reas^^^^ 

wliere systole is longest to those Avhere it is shortest. I^s size is a i 
ft^magMtade of these diftereoees^ This QES-T axis has “re been ^ 
'' ventrLilar gradient. It is influenced only by local changes of the en^ 
lar musculature.”" The mean axis of QBS and of T, representing, respec ive y, 
invasion and retreat during the average moment of these processes, can he ca : 
culated in the same way. 

All electrocardiograms obtained from onr patient “^ated 

to this principle. The practical suggestions of Ashman and Byer facilitated 
the measurements of the sm'faees. Three eomplexbs were measured in each of 
the two standard leads of each tracing, and the average was taken as reprc- 
sentatiTC value. Deflections above the isoelectric line were considered posi- 
tive. Any S-T deviations were considered to he part of the final deflection. 
Proper corrections were made for errors in standardization. The results are 

tdbulated in Table I. 



. Fig. 4. — Standard leads, unipolar extremity leads, and unipolar precordial leads, probably 
indicating left bundle brancli block. Vi to have a normal appearance but are spread out. 
Vj shows a bifid, B wave. The variations of the right precordium correspond to those of the 
left arm ; those of ,the left precordium to those of the left leg. A-V dissociation. 


INTERPRETATION ■ 

Measurements obtained from nonnal electrocardiograms” show that the 
nomal ventricular gradient'(A QRS-T) varies from -17 to +86 degree.s, and 
from 2 to 94 microvolt-seconds. The niean axis of QKS (A QRS) varies from 
-30 to +120 degrees, and from 3 to 50 microvolt-seconds. It should he clear 
that, if intraventricular block would ennetifnto tim 
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ventricles o£ our patient, the direction and size of the gradient would be within 
normal limits, whereas the mean axis of QHS would be abnormal. Our data 
reveal that direction and size of the gradient as well as of QRS are abnormal 
in many of the tracings. The ten tracings can be classified in three groups : 

I. Tracings 1, 3, 5, 6, and 10. Gradient varying from -25 to -46 degrees, 
and from 48 to 76 microvolt-seconds. Normal auriculoventricular conduction. 

II. Tracings 2, 4, and 9. Gradient varying from -63 to -72 degrees, and 
from 160 to 192 microvolt-seconds. Auriculoventricular dissociation. 

III. Tracings 7 and 8. Gradient -46 and -59 degrees, and 84 and 108 
microvolt-seconds. Two-to-one block. 

Though of normal size, the gradient has rotated in counterclockwise 
fashion in^the first five tracings. It-has increased to approximately three times 
its usual size and has further rotated in the same direction in the three in- 
stances of complete block. The two tracings of two-to-one block have gradi- 
ents of an intermediate type (Pig. 5). This rotation indicates either the pres- 
ence of 7 nusele elements that have developed an excessively long electrical 
systole and are located caudally to those wth unchanged electrical properties ; 



+ 90 


Fig. 5. — Average ventiicuiar giadtent during normal auriculoventricular conduction (A), 
during tvo-to-one biock [B), and during dissociation (C). N-N repiesents the normal range 
of direction of the gradient. 

or the presence of elements witli excessively short systole, located cranially 
to the unchanged ones. It must have been produced by circulatory changes in 
the heart muscle as they alone would be able to modify local myocardial func- 
tion. Now it is known that leads taken directly from the borders of an in- 
iarcied area show a prolongation of electrical systole.^® In human patients, 
this effect, evident in preeordial leads, can persist for months and even years, 
i\roreover it is sometimes the only electrocardiograpliic evidence of an acute myo- 
cardial episode. A similar effect appears immediately after occlusion of a 
coronaiy artery, before death or severe damage of muscle tissue has had time 
to develop; it can be abolished by early restoration of the circulation.’® This 
change m duration of systole is most pronounced in the superficial, subepi- 
cardial, muscle element Vascular changes do not produce a shortenino' of 
systole. ^ ” 

The observed abnormalities must therefore indicate the presence of a long 
systole in the subepicardial muscle layer of the posterobasal ventricular wall 
It 3S the only evidence of impairment of blood supply to this area and was 
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present during the four months that the patient was under observation. 'It 
^ might well have existed for a considerable time prior to admission. It is cus- 
tomary to designate the state of musculature wliich, deprived of its normal blood 
supply, produces these electrical changes, by the term “ischemia.” A similarly 
located ischemia can be demonstrated in the chronic stage of posterobasal (“pos- 
terior”) infarction, where it is accompanied by nonresponding (dead) muscle 
tissue. 

The ventricular gradient on three occasions (tracings 2, 4, and 9) gives 
evidence of a marked increase in ischemia of the posterobasal wall, that was 
maintained only for a limited number of hours. The additional rotation is 
similar to that seen in serial curves- after posterior myocardial infarction 
(Bayley^' and our ovra observations). The strildng groudh is a measure of the 
increase in magnitude of the forces developed late in systole. In many hearts 
the degree of vascular impairment, of which it is the evidence, ivould probal)ly 
have been sufficient to produce electrical manifestations of more advanced 
damage: elevation of the S-T segment and decrease in size of the T wave. 

It will be noted that the gradient is sti’ikingly the same both during the 
two periods of right bundle branch block and during the period of left bundle 
bi’anch block, in spite of considerable differences in the mean axis of QES. It 
indicates that factors independent of intraventricular conduction were re- 
sponsible for the acute changes and were acting with equal intensity during 
either conduction disturbance. The variability among the five tracings ivith 
normal auriculoventricular conduction and particularly the changes in the two 
tracings with two-to-one block are more than is usually found in myocardial 
disease. These changes are, in principle, of the same nature as those in the 
instances df dissociation. 

■\Ve can conceive the acute ischemia as the result of “coronary failure’”®; 
that is of a paroxysmal though prolonged disproportion between the blood 
supply and the demands of the musculature occurring in a region where this 
supply was already impaired. At no time did the patient complain of angina 
pectoris. This illustrates the not unusual discrepancy between the degree of 
Vascular impairment and the complaints during life.’® 

During the three periods of acute ischemia the patient also showed com- 
plete heart block. It is improbable that the two abnormalities occurred inde- 
pendent of each other. No auriculoventricular dissociation without marked 
deviation of the ventricular gradient ■was recorded, and vice versa. It is 
equally improbable that the bradycardia was responsible for the increase in 
ischemia of the posterobasal wall. If rates of 25 to 30 would be detrimental 
to myocardial nuti’ition, the onset of auriculoventricular block should some- 
times coincide with the development of angina pectoris or the aggravation of 
pi’e-existing heart pain. We have not seen this and have found no reports m 
the literature. A patient with hypertension whose idioventricular rhythm 
gradually sloived from 36 to 7.5 per minute complained of progressive weak- 
ness, which ended in unconsciousness, but not of pain. The electrocardiogram 
failed to show changes in the final deflection.’®*^ 

The mechanism left to account for the association of the two phenomena 
is that both -were the manifestations of coronary failure. The aurieuloven- 
-tricular connection, especially the node®® is quite sensitive to diminished oxy- 

*It should be understood that the relative adequacj- of the coronary ciiculation during 
bradycardia does not mean that the development of congestive failure could not be faciUtateo 
by that of heart block. The cardiac reserve is determined by more factors than only coro- 
. nary flow, and might well be insufficient in the face of marked Increase in diastolic njiin| 
as found in complete block. An example of immediate disappearance of congestive failure 
with restoration of normal auriculoventricular conduction has been found.” 
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gen supply. Decreasing oxygen eoneentrations in the inspired air cause pro-^ 
gressive aurienloYentrieiilar block, ending in dissociation in animals and in 
man,^^’ “ This occurs in the absence of vagal influences, although vagotomy 

seems to delay its onset.^’^^' ' . , . 

The simultaneous occurrence of both nodal and posterobasal wall ischemia 
strongly suggests similarities in blood supply to the tivo structures. In normal 
hearts the posterobasal wall of the left ventricle usually receives most of its 
blood from the right coronary artery. Near the beginning of the terminal 
(descending) part of the vessel the A. septi fibrosi takes its origin, which 
sends a fine branch to the auriculoventricular node.=* In only 8 per cent of 
these hearts the node receives its blood from the left coronary artery Al- 
though sclerosis of the coronary vessels can produce pronounced changes in 
the distribution of blood, clinical proof of the importance of the identical 
blood vessel to node and posterobasal musculature of abnormal hearts is found 
in the association of acute myocardial infarction and heart block. Of the 
sixty eases (fifty-five with complete and five with second degree block) found 
in the literature, in whicli the infarct could be localized until certainty, only 
eight (13 per cent) had involvement of the anterior (anterolateral) ventricular 
walk® (Table H). 

We conclude that, in our patient, chronic ischemia of the posterobasal 
ventricular wail was present, as shown by the chronic counterclockwise devia- 
tion of the ventricular gradient; that during the episodes of heart block this 
ischemia increased markedly, as shoivn by additional rotation and growth of 
the gradient; and that coincidentally witli this an i.schemia of the anriculoven- 
tricular node developed which resulted in inability of this structure to conduct 
impulses; both nodal and myocardial ischemia probably being produced by 
failure of the same artery. 

lilieroseopie changes in the posterobasal wall would not necessarily have 
been found. From onr own observations we noticed that such changes are not 
infrequently lacking in instances of acute or chronic T-wave inversion, and 
even in instances of elevation of the S-T segment. 

The electrocardiogram reproduced in Pig. 1 shows that the ventricular 
gradient during the sequential beat was the same as that during the idioven- 
tricular beats. Although the reason for the temporary improvement in con- 
duction is not clear (a supernormal phase^' is highly improbable as it would 
require a P-E interval of 0.9 second), the functional change did not apparently 
involve a large part of the musculature. 

Carotid sinus pressure never resulted in the development of an independ- 
ent ventricular rhythm but simply .suppressed all ventricular activity. This 
was also observed in the instances where complete heart block had been 
present previous to the application of pressure. From this we may conclude 
that the block was localized in the auriculoventricular node and that vagal 
influences were not responsible for the establishment of auriculoventricular 
dissociation. The latter is confirmed bj’^ our inability to improve conduction 
with intravenous atropine and by the long duration of the periods of dissocia- 
tion. On the other hand some of the attacks of giddiness or unconsciousness 
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me post-mortem evidence refers to the massiv^ myocardial' mvoivement, 
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might well have been due to changes in the degree of block, whereas others 
iindoubtedly were of vagal origin. 

It is interesting that carotid sinus pressure failed to produce ventricular 
asystole as soon as the attacks of heart block stopped. Whereas we are at a 
loss to explain why the latter failed to return, it is hard to avoid the con- 
clusion that the sensitivity of the reflex mechanism was mainly due to changes 
in the auriculoventricnlar node or in tJie vagal endings around it. A moderate 
degree of ischemia, not enough to impair conduction, might well have been 
responsible for it. » 

DISCUSSION 

Except for the eases of myocardial infarction, clinical instances of auricu- 
loventricular block due to defleient oxygen supply to the conduction system 
are few in number and little convincing. Barach and WoodwelP® described a 
case of rheumatic heart disease, hypertension, and advanced congestive failure. 
Delayed auriculoventricnlar conduction and right bundle branch block were 
present. Oxygen administration for one-half hour resulted in decrease of 
cyanosis and “absence of the marked aiu'iculoventricular block” for at least 
one-half hour. McCulloch-® reported two instances of prolongation of the P-R 
interval in babies in whom vomiting and diarrhea had resulted in marked de- 
hydration. After impi’ovement the P-R interval returned to normal. Gager’® 
found a prolonged P-R interval in a patient with a pericardial effusion. This 
disappeared after 500 c.e. of sterile fluid had been removed. 

The effect of nitrites has been investigated in two instances. Wolferth and 
McMillan®" were unable to improve conduction with amyl nitrite in a ease 
of paroxysmal heart block. On the contrary the block increased, due to ac- 
celeration of the auricles. Lawrence and Forbes®^ report a case of paroxysmal 
dissociation. The attacks sometimes lasted for several hours. Inhalation of 
amyl nitrite invariably abolished the block ; normal rhythm with normal P-E 
interval became established within two minutes and persisted for one-half hour. 
There was no 'difference between the final deflection of the sequential beat 
and that of the idioventricular beat (only the’“right pectoral lead” is avail- 
able for comparison). Gross examination of the heart showed no change in the 
bundle or any part of the myocardium. There wmre small atheromatous 
plaques throughout the coronary arteries, not enough to obstruct the lumeil at 
any point. 

The combination of angina pectoris and auilculoventricular block is also 
rare. Campbell®’' mentioned a case in which Stokes-Adams attacks started 
with severe precordial pain, radiating up the left side to the lower angle of the 
,]aw. Gallavardin®' reported three cases in which syncope sometimes was pre- 
ceded by chest pain. No observations of any kind were made during the at- 
tacks. A more convincing report is that of Gallavardin and Rougier.®® A 
patient with angina pectoris had a prolonged attack of pain. For a month 
thereafter each attack was folloAved by syncope and convulsions. The electro- 
cardiograms during these attacks showed auriculoventricnlar dissociation; 
between the episodes conduction occurred without delay. 

Pathologic evidence of the importance of an adequate blood supply to the 
node for auriculoventricnlar conduction is found in two papers by Geraudel.®®®' ® 
He carefully examined the hearts of two patients with chronic complete block 
plus Stokes-Adams attacks- and chronic first degree block with attacks of dis- 
sociation, respectively. In both cases a normal node and bundle were found, 
but there was marked narrowing and obstruction of the A. septi fibrosi and of 
other small arteries. 



RODS: 


PAROXYSMAL COMPLETE HEART BLOCK 


249 


We have loohed for cases of paroxysmal complete heart block associated 
with gi'oirth and counterclockwise rotation of the ventricular gradient, but we, 
found no case comparable to onr own. Parkinson, Papp, and Evans®^ reported 
a case of chronic complete block with attacks of ventricular asystole. The 
electrocardiogram showed right bundle branch block and very deep and T;. 
waves; this is the only instance of its sort. Levine and MattoiP'^ reported 
ventricular fibrillation which lasted’ for 3.5 minutes and was followed by a 
period of ventricular asystole of L3 minutes in a patient with chronic auriciilo- 
ventricular dissociation. She recovered after intracardiac adrenalin. The en- 
tricular gradient before the attack was of normal size and pointed to the left 
and slightly upward. Tj and T^ were inverted. After the attack the gradient 
had markedly increased in size and had rotated in counterclockvdse direction; 
T, and T3 were more deeply inverted. < 

The rarity of posterior wall ischemia in chronic and paroxysmal heart block 
must be ascribed to the size of the lesion which, even when of vascular 'Origin, 
needs not involve any muscle tissue to cause interruption of the aurieuloventricu- 
lar connection. 

SUMALVRY AND COXCLUSIOXS 

A ease of parox,ysmal aurieuloventricula]’ dissociation in a 76-year-old man 
was described. The three periods of complete block that were observed lasted for 
thirteen, three, and three hours, respectively. Atropine by mouth and intra- 
venously failed to improve conduction. Pre.ssure on either carotid .sinus, applied 
belweeii attacks, produced ventricular asystole resulting in .syncope and convul- 
sions without the development of an idioventricular rhythm. The reflex sensi- 
tivity could be abolished iDy atropine and was undoubtedly responsible for sev- 
eral of the fainting attacks of wjiich the patient complained. These attacks dis- 
appeared after the twelfth day of his ho.spital stay as did also the earotid sinus 
sensitivity and the episodes of dissociation. 

Simultaneously vdth the dissociation marked changes developed in the final 
ventricular deflection of the electrocardiogram, which disappeared when conduc- 
tion again became normal. B.y determining the venti’icular gradient i1 was 
found that a severe ischemia of the posterobasal ventricular wall had pi’oduced 
them. A moderate degree of ischemia of the same part of the heart muscle ' 
was present during normal conduction for the four months that the patient 
wa.s under observation. 


As it was considered imi)robahlc that the bradycardia was the cause of the 
abnormal .state of the musculature it was concluded that both the paroxy.smal 
changes i]i the final deflection and the simultaneous development of complete 
heart block were due to coronary failure, resulting in ischemia of the postero- 
basal ventricular wall and the auriculoventricular node, respectively. 

AVo arc grateful to Dr. S. A. Levine, who read tlie manuscript and made several sug- 
gestions. 


Addendum.— The patient was readmitted on Afardi 19, 1945, because of increasing pain 
in his right foot. A film of the foot showed extensive osteomyelitis of the tarsal bones. 
With rest in bed the pain diminished marhedly. On the eleventh hospital day he began 
to Iiave syncopal attacks and convulsions, during which no pulse could be felt. Between the 
attneks a pulse rate of 22 to 40 was found, whereas it had been 65 to 80 before this period 
Bight comnilsive episodes occurred in the course of four hours. Then the pulse rate rose to 
I , and the patient was again well. Wlien he was allowed to get up, four days later, the 
attacks rwurrod, and continued, often with intervals of only a few minute.s, for twenty-four 

hours. Adrenalin and atropine were ineffective. At the end of this period the patient 
expired m an episode of asystole. ^ 
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An electrocardiogram obtained three days after his admission differed from tlie one 
taken in September, 1944, in that T„ T,, and T, were very flat. Consequently tlic ventricular 
gradient is similar to the mean axis of QRS (Number 11, Table I). A tracing obtained 
during a period of bradycardia between convulsions (eleventh hospital day) showed complete 
auriculoventricular block. The ventricular complexes were wide (0.16 second) and, becau'-e 
of the presence of a deep Q„ were probably indicative of right bundle branch block. (Ko 
precordial leads were taken.) The electrocardiogram taken several hours before death also 
showed dissociation. The wide (0.14 second) complexes, consisting of a single upward deflec- 
tion, indicated left bundle branch block. 

In spite of great differences in direction and size of A QIIS the gradients obtained 
from the latter two tracings closely resemble each other (Numbers 12 and 13, Table I). As 
compared with those during previous episodes of dissociation, a rotation to the left and an 
increase in feize have occurred, indicating a more severe (and more extensive) ischemia of the 
posterobasal wall. 

The heart weighed 420 grams. There were some dilatation of the left ventricle and a 
moderate increase in thickness of the left ventricular wall. No areas of infarction or scar- 
ring were seen. Although the coronary arteries were markedly tortuous and calcified, with 
man}- atheromatous plaques, no occlusions of the lumina were found. The region of the 
auriculoventricular conduction system showed no abnormalities. The margins of the aortic 
cusps were calcified and thickened. 


REFERENCES 

1. a. Erlanger, J.: On the Physiologj- of Heart Block in Mammals With Special Reference 

to the Causation of Stokes-Adams Di'sease, J. Exper. Med. 8; 8, 1906. 

b. Hering, H. E.: Die Durchschneidung des Uebergangsbucndels bcim Saeugetier- 

herzen. Dritte Mitteilung, Arch. f. d. ges. Phy.siol. Ill: 298, 1906. 

Tawara, S.: Anatomisch-histologische Nachpruefung der Schnittfuchrung an den 
von Prof. H. E. Hering uebersandten Hundeherzens, Arch. f. d. ges. Physiol. HI: 
300, 1906. 

c. Humblet, If.: Allorhythmie Cardiaque par Section du Faisceau de His, Arch. 

internat, de phj-siol. 3: 330, 1905-1906. 

2. Yator, W. M., and Willius, F. A.: Heart Block Showing Multiple Transitions A.ssoci- 

ated With Convulsive Syncope. Report of a Case With Detailed Histo-Pathological 
Study, Am. Heart J. 4: 280, 1929. 

3. a. Gaskell, W. H.: On the Rhythm of the Heart of the Frog, and on the Nature of 

the Action of the Vagus Nerve, Phil. Tr. Roy. Soc. 173: 993, 1882. 
b. Chauveau, M. A.: De la Dissociation du Rhythme Auriculaire et du RhythmeWen- 
triculaire. Rev. de med., Paris 5: 161, 1885, 

4. Weiss. S., and Baker, J. P.: The Carotid Sinus Reflex in Health and Disease, Medi- 

cine 12: 297, 1933. 

5. a. Starling, H. J.; Heart-Block Influenced by the Vagus, Heart 8: 31, 1921. 
b. See Reference 4. 

6. Petzetakis, M.: Block Auriculo-ventriculaire Provoque par la Compression Oculaire, 

Bull, et mem. Soc. med. d. hop. de Paris 37: 739, 1914. 

7. Sec References 8Ii and s. 

8. a. Hay, J. : Bradycardia and Cardiac Arrhythmia Produced by Depression of Certain 

of the Functions of the Heart, Lancet i: 139. 1906. 

b. Gossage, A. M.: Independent Ventricular Rhythm: Heart Block and the Stokes- 

Adams Sj-ndrome Without Affection of Conductivity, Heart 1: 283, 1909. 

c. Thayer, W. S., and Peabody, F. W.; A Study of Two Cases of Adams-Stokes Syn- 

drome With Heart Block, Arch. Int. Med. 7: 289, 1911. 

d. - Mackintosh, A. W., and Falconer, A. W.: Observations Upoju Two Cases of Stokes- 

' Adams Syndrome Unassociated With Demonstrable Delay of Impulse Transnus- 

sion. Heart 2: 222, 1911. 

e. Cohn, A. E., Homes, G. M., and Lewis, T.: Report of a Case of Transient Attacks 

of Heart Block, Including a Postmortem Examination, Heart 2: 241, 1911. 

f. Lewis, T.: Lectures on the Heart, New- York, 1915, Paul B. Hoeber, Inc., p. 104. 

g. Wilson, F. N., and Robinson, G. C.; Heart Block. II. Transient Complete Heart, 

Block With Numerous Stokes-Adams Attacks, Arch. Int. Med. 21: 181, 1918. 

h. Starling, H. J.; Heart Block Influenced by the Vagus, Heart 8: 31, 1921. 

Lewis, T.: Postn^ortem Notes on Dr. H. J. Starling’s Case of Heart Block, Heart 
9; 283, 1922. 

i. Russell-Wells, S., and Wiltshire, H. W.: A Case of Intermittent Complete Heart 

Block, Lancet 1: 984, 1922., 

j. Carter, E. P., and Dienaide, F. R.: Recurrent Complete Heart Block With Normal 

Conduction Between Attacks, Bull. Johns Hopkins Hosp. 34: 401, 1923. 

k. Kahler, H.: Zur Kenntniss der neurogenen Adams-Stokes, Arch. f. inn. Med. 7: 

207, 1924. 

l. Gager, L. T., and Pardee, H. E. B.: Intermittent Complete Heart Block and 1 en- 

trieular Standstill, Am. J. M. Sc. 169: 636, 1925. 


ROOS; PAROXYSMAL COMPI-ETE .HPART SLOCK 


251 


ni A’'ater W AI and Wiilius, F, A.: Heart Block Showing Multiple Transitioi^ As- 
ScktS’ ATOh Con4lsh4 Sj-noope. Report of a Case With ^Beta^led Histo- 

. Pathological Study, Am. He.vrt J. 4: 280, 1929. nf Rpln- 

n Wolferth C. C.. and McMiUan, T. M.: Observations on the Mechanism^ of Rela 
‘ tively Short Intervals in the A'entriculo-Auricular ai^ Aunculo-A entricular Se- 
quential Beats During High Grade Heart Block, Am. H^t J. 4. o21, 19-9. 

0 . Carter, E. P., and McEachern, D.: Recurrent Complete Heart Block, Bull. Johns 

o and T’angj T. K.: Transient Complete Heart Block With Adam^Stokes 

Attacks and Hormal Auricuio-Ventricular Conduction Between Attacks, Chinese 

ir, J. 46: 1081, 1932. ' . ^ -r. r^- ■ ■ ■^r, 

q. Gager, L. T.; Intermittent Complete Heart Block: A Case Report, \ irgima AL. 

Monthly 59: 300, 1932. ' i -ir i Tr„o..f 

r. Sachs, A. and Traynor, R. L.: Paroxj'smal Complete Aurieulo-A entncular Heart 

Block, AM. Heaet j. 9: 267, 1933. m • * n i <- 

s. Weiss H and Ferris, E. B.: Adams-Stokes Syndrome With Transient Complete 

Heart Block of A'agovagal Reflex Origin, Arch. Int. Med. 54: 931, 1934. 

t. Comeau, W. J.: Paroxysmal Complete Heart Block Alternating With Hormal 

Rhythm and Conduction, Am. J. M. Sc. 194: 43, 193/. ^ 

u. Gilchrist, A. E,: Lecture on Faints and Fits, Brit. M. J. 1: 203, 1937. 

V. Parkinson, J., Papp, G., and Evans, W.: The Electrocardiogram of the Stokes- 
Adams Attack, Brit. Heart J. 3: 171, 1941. . „ - _ 

w. Campbell, M.: Partial Heart Block With Dropped Beats, Bnt. Heart J. 5: o-i, 
1943. 

X. Campbell, AL: Complete Heart Block, Brit. Heart J. 6: 69, 1944. 

y. Lawrence, J. S., and Forbes, G. AV.: Paroxysmal Heart Block and A'entricular 
Standstill, Brit. Heart J. 6: .53, 1944. 

9. Lewis, T.: The Mechanism and Graphic Regi.stration of the Heart Beat. ed. 3, London, 

192."), Shaw & Sons, Ltd., p. 184. 

10. Wilson, F. AT.. Johmston, F. D., Rosenbaum, F. F., Erlanger, H., Kossmann, C. E., Hecht, 

H., Cotrim. N., Alenezes de Oliveira, R., Scarsi, R., and Barker, P. S.: The Pre- 
cordial Electrocardiogram, Am. Heart J. 27: 19, 1944. 

11. Supplementary Report b}' the Committee of the American Heart Association for the 

Standardization of Precordial Leads, Am. Heart J. 15: 235, 1938. 

12. a. AVilson, F. H., Alacleod, A. G., and Barker, P. S.: The Potential A’^ariations Pro-' 

duced by the Heart Beat at the Apices of Einthoven's Triangle, Am. Heart J. 
7: 207, 1931. 

b. Wilson, F. N., Johnston, F. D., Alacleod, A. G., and Barker, P. S.: Electrocardio- 

grams That Represent the Potential A’'ariations of a Single Electrode, Am. Heart 
J. 9: 447. 1934. 

c. Hecht, H. H.; The Influence of the Indifferent Electrode Upon the Precordial 

Electrocardiogram, Am. Heart J. 24: 529, 1942. 

1.3, a. AVilson, F. N., .Maeleod, A. G., Barker, P. S., and Johnston, F. D.: Determination and 
Signiflcance of the Areas of the A’^entricular Deflection of the Electrocardiogram, 
Am. Heart J. 10: 46, 1934. 

b. Wilson, F, N., Maeleod, A. G., and Barker. P. S.: The T-Deflection of the Electro- 
cardiogram, Tr. A. Am. Phy.sicians 46: 29, 1931. 

. 14. a. Ashman, B., and Byer, E.: The Kormal Human A'entricular Gradient. I. Factors 
AATiich Affect Its Direction and Its Relation to the hlean QRS Axis. Am. Heart J. 
25: 16, 1943. 

b. A.shman, R., and Byer, E. : The Normal Human A^'entrieular Gradient. II. Factor.s 
• Which Affect Its Manifest Area and Its Relationship to the ifanifest Area of 

the QRS Complex, AAt. Heart J. 25: 36, 1943. 

c. Ashman, R., Gardberg, JI., and Byer, E.: The Normal Human A’^entricular Gradient. 

m. The Relation Between the Anatomic and Electrical Axes, Am. Heart J. 26: 
473, 1943. 

d. Ashman, R,: The Normal Human A'entricular Gradient. lAL The Relationship Be- 

tween the Magnitudes Aqrs and G, and Deviations of the ES-T Seement, Am 
Heart J. 26; 495, 1943. ^ ' 



• ts X. m ' ^ ; Electrocardiographic Changes Produced 

in the Dog by Temporary Occlusion of a Coronarv Arterv. Ait. Heart J 27: 
lo4 and 6o/, 1944. ... 

16. Wilson, F. N., Johnston, F. D., and Hill. I. G. W.: The Form of the Electrocardio- 
th^T Myocardial Infarction. IV. Additional Observations on 

In! t" A o Produced by Ligation of the Anterior Descending Branch of 
1 - -p 1 Coronary Artery, Am. Heart J. 10: 1025, 1935. ^ 

1 /. On Certain Applications of Modern Electrocardiographic Theorv to the 

S f 2^769 

19 Gilchris?^' 1 ? Findings, Am. Heart J. 19: 1, 1940.’ ' ' ^ 

■ M, "''“"O' “ ‘I- „t Sfokes- 





252 


AMERTCAK HEART 'JOURNAI. 


20. Lewis, T., ileakiiis, J., and White, P. D.: The Susceptible Eegion in AuriculoWentricu- 

lar Conduction, Heart 5 : 289, 1913-1914. 

21. a. Lewis, T., and Mathison, G. G.: -Auriculo- Ventricular Heart-Block as a Eesult of 
, Asphyxia, Heart 2: 47, 1910-1911. 

b. Mathison, G. C.: The Cause of Heart-Block Occurring During Asphyxia, Heart 2' 

54, 1910-1911. ' ' ■ 

c. Greene, C. W., and Gilbert, N. C,: Studies on the Eesponses of the Circulation to 

Low Oxygen Tension. VI. The Cause of the Clianges Observed in the Heart 
During Extreme Anoxemia, Am. J. Physiol. 60: 155, 1922. 

22. a. Greene, C. W., and Gilbert, N. G.: Studies on the Eesponse Of 'the Circulation to 

Low Oxygen Tension. Ill, Arch. Int. Med. 27: 517, 1921. 

b. Greene, C. W., and Gilbert, N. C.: Studies on the Eesponses of the Circulation to 

Low Ox3’-gen Tension. V. Stages in the Loss of Function of the Ehythm Pro- 
ducing and the Conducting Tissue of the Human Heart During Anoxemia, Am 
J. Physiol. 56: 475, 1921. 

23. Herrick, W. W.: Clinical Observations in Heart Block, Am. J. M. Sc. 139: 246, 1910. 

24. Haas, Qr.: Ueber die Gefaessversorgung des Eei7,leitung.ssj'stem& des Herzens, Inaug. 

Dissert., Friburg-in-Breisgau. 1911. 

25. Gross, L.: Blood Supplj’’ of the Heart in Its Anatomical and Clinical Aspects, Hew 

York, 1921, Paul B. Hoeber, Inc. 

26. a. Prom Master, A. M., Dack, S., and Jaile, H. L.: (Am. J. M. Sc. 196: 513, 1938) the 

following references; 1, 2, 4, 9, 13, 14, 15, 27, 32, 42, 43, 50, 52, 55, 57, 59, 65, 77, 78, 
83, 84, 86, 87, 89, 99, 100. 

'b. Prom the same paper, the reported cases. 

c. Prom Ball, D. : (Air. Heart J. 8: 327, 1933) the cases reported by personal com- 

munication. 

d. Prom Wood, P. C., BeUet, S., AicMillan, T. M., and Wolferth, C. C.: (Arch. Int. Med. 

52: 752, 1933) Pig. 9, b. 

e. One case observed by us. 

27. Lewis, T., and Master, A. M.: Supernormal Eecoverj- Curve, Illustrated bj' Two Clin- 

ical Cases of Heart-Block, Heart 11: 371, 1924. 

28. Baraeh, A. L., and Woodwell, M. N. : Studies in Oxygen Therapy With Determina- 

tions of the Blood Gases. I. In Caidiac Insufficiencj'- and Belated Conditions, 
Arch. Int. Med. 28: 367, 1921. 

29. ^McCulloch, H.: Studies on the Heart in Nutritional Disturbances in Infancj", Am, 

J. Dis. Child, 20: 486, 1920. 

30. Gager, L. T.: Conduction Changes Accompanying Pericardial Effusion, Arch. Int. Jled. 

33: 449, 1924. 

31. Gallavardin, L.: Angino de Poitrine et Syndrome de Stokes-Adams, Prcsse mdd. 30: 

775, 1922. . , 

32. Gallavardin, L., and Eougier, Z.: Acces d’Angine de Poitrine a\eo Hypotension 

Artdrielle Extreme et Accidents Nerveux Sjmcopaux et Epileptifoimes, Paris radd. 
2: 15 1928. 

.33. a. Geraudel, E., and Giroux, K.. : Le .Syndrome d ’Adams-Stokes et Sa Pathogenie, 
Presse mdd. 34: 258, 1926. 

b. Gdraudel, E.: Bdnard, E., and Hillemand, P.: Uii Second Cas de Bradyrythmie- 

Ventrieulaire par Stendse de I’Artere du Ventriculo-necteur, Arch. d. mal. dii cccur 
19: 281, 1926. 

c. Geraudel, E., Benard, E., Gautier, Cl., and Heymann, Mile.; Un Tioisieme C.is de 

Brady-rythmie Ventrieulaire par Stenose de I’Artere du Ventriculo-necteur (Syn- 
drome D ’Adams-Stokes), Presse med. 35; 1129, 1927. 

The.«p three cases are also reported in Geraudel E. : The Mechanism of the Heart and Its 
Anoinalie.s, translated by Bishop, L. P., -rfiul Bisho]), L. F., 1930, The Williams and 
Wilkins Co., p. 232. 

d. Hrumbhaar, E. B.: Adams-Stokes’ Syndrome, With Complete Heart Block, With- 

out Destruction of the Bundle of His, Arch. Int. Med. 5: 583, 1910. 

34. Parkinson, J,, Papp, C., and Evans, W.: The Electrocardiogram of the S.tokes-Adaras 

Attack, Brit. Heart J, 3: 171, 1941. 

35. Levine, S. A., and Matton, M.; Observations on a Case of Adams-Stokes Syndrome, 

Showing Ventricular Fibrillation and Asystole Lasting Five Minutes, With Ke- 
coverj' Following the Intracardiac Injection of Adrenalin, Heart 12: 271, 1926. 



THE TREATMENT OF AURICULAR FIBRILLATION OGCURRINC 
WITH MYOCARDIAL INFARCTION 


John Maetin Asicey, M.D., Los Axgeles, OxVLU’\, and 
Captain Otto Neurath, M. C., United States Army 


A uricular fibrillation ocenrs as a complication of myocardial infarction ■ 
in about one in twelve eases^'^ (8.3 per cent). No definite criteria bay^ 
been agreed ipion as to its management. It has been regarded by some as l^snaIl>^ 
transient and by others as not apparently altering the prognosis. Any increase - 
of mortality has been asenbed to the associated heart failure or shock, rather 
than to the arrliythmia. Digitalis and quinidine administration often liave been ., 
regarded as dangerous and to be considered only as a late, not an early, proce- 
dure in treatment. 

As a result of varying opinion, one never is quite sure, when auricular 
fibrillation appears with myocardial infarction, whether to view the anhj’thmia 
expectantly, hoping it will prove to be transitory ; whether to ignore it com- 
pletely, assuming that it will not alter the prognosis anyway; or wliether to treat ’ 
it medically and accept a quantitatively unknown risk from the use of drugs, 
If one decides to treat it medically, there is uncertainty as to the method of treat- , 
ment. Should digitalis or quinidine, or both, be used? How soon, how much, 
and how often? What are the hazards to anticipate as the result of this therapy? 
These questions arise, and there have been no uniform answeia. This is un- 
doubtedly. due to the relative infrequency of the arrhythmia which has prevented 
an adequate analysis of a large series. . , , , 

In a previous study, of eighty-four patients with auricular fibrillation 
complicating myocardial infarction, it was found that in the majority the 
arrhythmia persisted, that the prognosis was worse in the group with pei’sistent 
auricular fibrillation, and that the prognosis was worse due to the effects of .the 
arrhjdhmia itself, and not alone to the associated heart damage. It was con- 
cluded that an early attempt to eliminate the arrhythmia was indicated unless 
the risk of the drug used was greatg: than the risk of the continuance of .the 
arrhythmia. It was found that if congestive failure was associated with the 
arrhythmia, the use of digitalis alone was apparently harmful, due to production 
of fatal emboli to the greater circulation. This was tentatively ascribed to several 
factors, of .which pei-sistence of the arrhytlunia plus production of an increased 
constricting expulsive effect upon the ventricle seemed most important. 

This is a further clinical statistical study of the data, in an attempt to 
establish tentative positive criteria for treatment. This paper is a study of the 
results of , treatment of tliese eighty-four patients with auricular fibrillation oc- 
curring in 1,247 patients ■with myocardial infarction admitted to the Los Angeles 
County General Hospital. We have tried to evaluate .the risk of the drug treat- 
ment against the natural risk of the condition. Only patients -with eharacteristic 
electrocardiograms were .accepted. Of the eighty-four, seventeen received no 
medication. The results in these cases served as a control series in indicating 
the natural course and natural risks in untreated eases. We tried to measure 
the, ben eficial, effects versus the harmful effects of digitalis and quinidine. The 
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primary beneficial objective effects to be obtained in auricular fibrillation from 
digitalis and quinidine administration were considered as a slower, stronger, 
ventricular sj'stole and a return of an irregular ectopic rhjdhm to a regular 
sinus rhj'thm. These beneficial effects should be reflected and measurable in an 
improvement of the mortality rate. The theoretical risks are those of sudden 
death, embolism, and rupture, and can be determined objectively. The best 
"treatment should be shown, therefore, by a low mortality rate, a high percentage 
of return to sinus rhythm, and no greater risk of sudden death, embolism, or 
rupture from the drug than the natural risk from the condition itself. 

SUDDEN DEATH AND RUPTURE OF THE HEART 

There was no evidence that digitalis increased the mortality by increasing 
the incidence of sudden death. Quinidine apparently caused three eases of 
sudden death, but all three were patients with obvious conduction defects, condi- 
tions in which the drug should not ordinarily be given (Table I). Rupture of 
the heart occurred in three of fifty-six patients given digitalis or digitalis and 
quinidine (5.3 per cent). One patient in seventeen given no medication 
developed cardiac rupture (5.8 per cent). Rupture of the heart apparently 
Avas not a drug hazard in our series. 


Table I. Sudden* Death Occurring in Patients With Myocardial Infarction 

PLU.S Auricular Fibrillation 


TYPE OF irEDICATION j 

NUMBER OF 
PATIENTS j 

NUMBER DYING 
SUDDEtlLY ■ 

PER CENT 

Digitalis alone 

44 

7 

15.9 

No digitalis or quinidine 

17 

3 

37.6 

Quinidine alone 

11 

3 

27.2 

Both digitalis and quinidine 

12 

0 

0 

Total 

84 

13 

15.4 


MATERIAL 

The eighty-four patients, as a group, first were studied as to response to 
A*arying medications and to no medication (Table II). The response of the 
thirty-six patients without congestive failure (Table III) and the forty-eight 
patients Muth congestive failure Avas then determined (Table IV). In order to 
be sure that congestive heart failure and-not peripheral circulatoiy failure Avas 
being treated, only those Avith objectiAm findings of liA*er enlargement and ankle 
edema u'ere included in the congestiA'e failure group. 

AD3UNISTRATION OF QUINIDINE AND DIGITALIS 

The size of the dose of the quinidine and the time interval betAA'een doses 
A'aried considerably, as the patients Avere under the care of many different 
doctors. An aA'erage dose was 15 to 20 grains in tAventy-four hours. The dose 
A'aried from 3 to 6 grain.s, and the time interA*al A’aried from 2 to 6 houi’s. Thus 
in A’ery feAv instances AA*as an optimum effect of quinidine obtained such as 
would result from a regular administration at 2- to 3-hour intervals. Digitalis 
Avas giA’en in no uniform fashion. In the patients Avith congestive failure, a 
frequent method of administration was to give the 3 grains of poAvdered leal 
after meals for tAvo to three days. Host of the patients reeeiA*ed 20 to 30 giuins 
in three to four days. It is probable that an optimum digitalis effect AA'as ob- 
tained in more instances than AA'as an optimum quinidine effect. In most in- 
stances no medication AA'as begun until the auricular fibrillation had lasted 
tAventy-fonr hours or more. 
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TREATAIENT OF AURICULAR FIBRILLATION 


RESULTS 

1 The Group of EigM„-Fonr 'as a Wioh (Table 7/;.-Qumjdine alone 
gave the best fesiills. with the lowest mortaUty and the highest percentage of 
return to sinus rhythm. 

TabiiE II. Effect op SIedicatiok in 84 Patients W ith Auricvlar 
FibrieiiAtion and Myocardiaij Infarction 


(Mortality in Eolation to Eetui-n to Sinu.s Ehytlun and Incidence of Embolism) 


NUM- 

BER 

auricular ] 
FIBRTIjLA- I 
TION ! 

STOPPED 

PERCENTAGE 

RETURNED 

TO SINUS 
RHAZTHM 

NUMBER 

SYSTEMIC 

EMBOLI 

NUM- 

BER 

OF 

DEATHS 

MOR- 

TALITY' 

{%) 

PERCENTAGE 
OP DEATHS 
DUE TO 
EMBOLI 

Quinidine alone 

11 

9 

82 

0 

6 

Q 

54.5 

(^7 

0 

12 5 

Uigitalis plus 

12 

9 

75 

X 




quinidine 

No medication 

17 

5 

29 

2 

12 

' 71 

17 

Pigitalis alone 

44 

6 

14 

14 

41 

93 

34 


2. The Group of Thirty-Six Without Congestive Failure (Table HI) — 
Quinidine alone gave the liest results, with an equally high percentage of return 
to sinus rhythm as when quinidine and digitalis Avere given and the lowest 
mortality despite three possibly avoidable deaths occurring Avhen quinidine 
was given to patients Avith obAnous conduction defects. The patients receiAong 
digitalis alone had a smaller percentage of return to sinus rhythm and a higher 
mortality rate than the patients recemng no medication. 

Table in. Results of Medication in Thirty-Six Patients ^YlTH Myocardial Infarction 
AND Auricular Fibriliation But No Congestive Failure 


- 

NUM- 

BER 

AURICUL.AR 

FIBRILLA- 

TION 

STOPPED 

PERCENTAGE 

RETURNED 

TO SINUS 
RHYTHM 

N LUMBER 
SYSTEMIC 
EMBOLI 

NUM- 

BER 

DIED 

MOR- 

T.ALITY 

(%) 

SUDDEN 

DEATH 

(%) 

Digitalis and quinidine 

5 

4 

80 

1 

4 

80 


No medication 

9 

5 

00 

2 

6 

66.G 

1 (16) 

Digitalis alone 

12 

3 

25 

1 

9 

75 

1 ail 

Quinidine alone 

10 

8 

SO 

0 

5 

50 


Total 

3G 

8 

55 

4 

24 

66 



3. The Group With Congestive Failure (Table IV). — Of eighty-four patients 
Avith congestive failure in addition to the arrhythmia, there Avere the folloAAung 
findings ; 

a. If no medication aa-rs given, none returned to sinus rhythm, 75 per cent 
died; none had clinically recognized systemic embolism, but half of the deaths 
Avere sudden. 

b. If digitalis alone Avas gh-en only 9 per cent returned to sinus rhythm. 96 
per cent died; 41 per cent died of clinically recognized systemic embolism, and 
19 ])er cent of tlie deaths Avere sudden. 


Table 1A". Results op Medication in Forty-Eight Patients With Myocardial Infarction 
Auricular Fibrillation, and Congestive Failure ’ 



NU.M- 

BER 

AURICUL.\R 

fibrilla- 

tion 

STOPPED 

PERCENTAGE 
RETURNED 
TO SINUS 
RHYTHM 

NUilBER 

SYSTEMIC 

E.MBOLI 

NUit- 

BER 

DIED 

AIOR- 

TALIXY 

(%) 

SUDDEN 

DEATH 

(%> 

ipg.iaus anu quinuline 7 5 70 0~ 4 — ^ GO ^ 

Ao medication 8 0 0 n r 

Digitalis alone 32 3 9 3 13 qS* W. „ 

Qumidino alone 1 ~ 1 100 0 ^1 - inn ^ 

-IS 9 18.7 13 42 80.7 

0 

3 (50) 

6 (19) 
0 


'T'VV* 
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c. If digitalis plus quinidine was given, 70 per cent returned to sinus 
Vlij^thm, 59 per cent died; none had systemic embolism, and none died suddenly. 

The single patient treated with quinidine alone can be excluded. 

SUMMARY OP PINDINGS , 

1. Digitalis administration did not induce sudden death or cardiac rupture 
in a significantly higher percentage than no medication. 

2. 'Digitalis was apparently liarmful when given alone in both the group 
Avith congestive failure and the group without congestive failure. 

3. Digitalis alone Avas harmful apparently because it prevented a spon- 
taneous return to Sinus rhythm in the group Avithout congestive failure, and 
because it induced fatal systemic emboli in the group Avith congestive failure. 

4. Quinidine alone Avas harmful onbv Avhen given in the presence of obvious 
conduction defects. 

5. Sudden death could not be correlated Avith the use of either drug save 
in the three cases Avith obvious conduction defects. 

6. Although sudden death occurred if no medication Avas given, or if digitalis 
alone or quinidine alone Avas given, it occurred in none of the tweh'e patients 
given both digitalis and quinidine. 

7. In the group Avith no congestive failure, quinidine alone gave better re- 
sults than no medication or digitalis alone. 

8. In the group Avith congestwe failure (excluding 1he single case given 
quinidine alone) the Avorst results A\’ere from digitalis alone. Thirty-one of the 
thirtj^-tAvo patients died (96.8 per cent). 

Thirteen of these Avere due to emboli to the greater circulation. The best 
results AA^ere from combined digitalis and quinidine. In this group there Avas the 
lowest mortality, the greatest percentage of return to sinus rhythm, and no 
sudden deaths from embolism. 

DIGITALIS AND QUINIDINE 

Theoretically digitalis and quinidine should act as buffers agamst each 
other's action tending to induce an ectopic ventricular rhythm. Digitalis is 
capable of inducing paroxysmal ventricular tachycardia, an arrhythmia Avhich 
quinidine can prevent; conA’'ersely, digitalis is believed to prevent ventricular 
tachj’-cardia arising from the use of quinidine in the treatment of auricular 
fibrillation. This reciprocal effect may or may not have been responsible for the 
absence of sudden death in any of the tAvelve patients AA'ho received both digitalis 
and quinidine. 

DISCUSSION 

It is fallacious to generalize from a statistical analysis of a numerically 
small group. The group studied is numerically small. It represents a group 
* culled from manj'- years of admissions to a large general hospital, hoAvever, and 
establishes some deductions referable to this group Avhieli may or may not 
prove to be genei’ally true. Certain deductions seem fairly obvious. Quinidine 
alone should not have been given to the patients Avith obAdous conduction de- 
fects. This contraindication is generally recognized. Digitalis alone apparently 
should not have been given to the patients Avith congestive failure. The inci- 
dence of fatal emboli associated Avith the use of digitalis alone in the patients 
AAuth congestive failure was too high to be explained upon the basis of chance 
alone. Early elimination of the auricular fibrillation Avould hav'e been adAUsablc 
in ATGAv of the correlation of the increased incidence of fatal systemic emboli with 



ASKEY and NEURATH : I TREATMENT OP AURICULAR PlBRILl/ATION 


^257 


the prolongation of the arrhj’lhinia. The longer the auricular fibrillation was 
allowed to persist, the greater became the hazard of embolism. The risk of 
embolism apparently was not in reverting the auricular fibrillation to sinus 
rhjdhm .but in allowing the auricular fibrillation to persist. The duration of the 
auricular fibrillation seemed to be related directly to the tendency to fatal emboli. 
Of eight patients with loioAvn pre-existent auricular fibrillation, seven died, of 
whom five died from emboli to the greater circulation. Of thirty-six patients 
wlio had auricular fibrillation at the onset of the attack and Avho died within 
seven days with persistent auricular fibrillation, only seven died of fatal emboli. 
But of thirteen patients in whom the auricular fibrillation persisted over seven 
days, nine died of fatal systemic emboli. The practical problem of treatment in 
this whole group of 84 was the treatment of those 49 patients in whom auricular 
fibrillation was found in the first electrocardiogam, and presumably developed 
the arrhythmia coincident Avith the attack. Only two of these forty-nine rcAmrted 
'■ to sinus rhythm, and fort 3 ’'-two of forty-nine died (85.7 per cent). There Avas 
no particular problem in the treatment of those patients Avho developed auricular 
fibrillation definitely after the attack. In these patients, the arrhythmia Avas 
usually transient and the mortality only slightly increased. Usually no con- 
gestive failure aa'Us present, and quinidine alone gave the best results (Table 
III). Of thirty-five patients aa4io developed auricular fibrillation definitely 
after the attack, only eight persisted in the arrhythniia. In six of the thirty- 
five patients no medication Avas given, and in four of those six the arrhythmia 
disappeared in tAventy-four horn's. In the absence of congestive failure, it 
Avould seem permissible to Avait tAA^enty-four hours to see if the ai'i'hythmia is 
transient. The group of patients in AAdiom the auricular fibrillation Avas found 
in the first electrocardiogram, hoAvever, usually had had severe previous cardio- 
vascular disease, and a large percentage had congestive failure. Theoretically, 
treatment directed at elimination of the arrhythmia as Avell as improvement of 
the A'entrieular systole should give the best results. This should be accom- 
plished b}’- giving both quinidine, to revert the ectopic rhythm to sinus rhythm, 
and digitalis, unless the dangers of the drugs are greater than the danger of 
the continuing arrhythmia. The rislm of quinidine and digitalis ghmn together* 
in tliis series AA'cre less tlian the risks of no medication. Where they Avere giA-en* 
togetlier for congestive failure, sinus rhythm returned in a liigh percentage, and 
the mortality Avas Ioav (59 per cent). The group is small but corroborates the 
theoretical prediction. Therefore, yve believe that both digitalis and quinidine 
should have been given immediately AA'hen auricular fibrillation Avas found in the 
first electrocardiogram if congestive failure aa'us present. Our data show that 
if digitalis alone Avas given, the mortality Avas 97 per cent. If there was no 
medication, the mortality Avas 75 per cent; but if both digitalis and quinidine 
Avere given, it Avas 59 per cent. The use of quinidine in congestive failure 
ordinarily is considered contraindicated. In the congestive failure associated 
Avith auricular fibrillation in myocardial infarction, hoAveAmr, it Avould seem 
especially to be indicated for the following reasons: Factually, (1) digitalis 
alone proved to be dangerous; it increased, rather than decreased mortality; and 
(2) digitalis plus quinidine proAmd to be superior; and theoretically, (3) a quick 
return to sinus rliAdhm should: (a) prevent further auricular thrombus forma- 

ion and forestall embolism, and (b) reduce the Amntrieiilar rate after the usual 
initial acceleration. 


hat other measures may be justifiable in such a desperate situation wit! 
. < per cent mortality, that is, auricular fibrillation and congestive failure oe 
curnng m tlic early days of the infarction (?). Auricular anoxemia and vaga 
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activity seem to be the factors involved in the production of the arrhythmia in 
the experimental animal.® In addition to oxygen to relieve anoxemia, the use 
of atropine as an adjuvant to quinidine may weU be considered. Levds® says the 
end result of both atropine and quinidine are the same in their action toward 
auricular fibrillation, only that atropine has a far less powerful effect. They 
both'^depress vagal activity, tend to prolong 'the refractory p'eriod, and depress 
the auricular rate. 

LeRoy and Snider,' Falk,® Gilbert,® and Rathe® already have strongly 
advocated atropine in myocardial infarction to counteract .reflex vasospasm 
acting through the vagus. 

Korns’® believes it deserves an extended clinical trial because of this action 
alone. For the auricular fibrillation occurring synchronously with the onset 
of myocardial infarction -where the mortality is nearly 100 per cent, a dual 
beneficial action -would be welcomed. Atropine would seem to deserve a trial 
here, too. 

THE PROGRAM OP MEDICATION 

As a result of these data, our general scheme of management of auricular 
fibrillation occurring with myocardial infarction in the' future will be that of 
an immediate attempt to stop the arrhythmia by the administration of optimum 
doses of quinidine unle.ss (A) the electrocardiogram shows conduction defects 
or (B) the arrhythmia occurs several days after tlie onset of myocardial infarc- 
tion, and no congestive failure is present. In the latter instance we should wait 
twenty-four hours to see if there is a spontaneous retura to sinus rhythm. If 
congestive failure is present both quinidine and digitalis wall be given at once, 
Quinidine will be given every t%vo hours in 6-grain doses if there is no hyper- 
seh.sitivity to the initial 3-grain dose. The administration of digitalis alone in 
such cases will be especially avoided, as we feel it is contraindicated. If auricular 
fibrillation occurs coincidentally -with the attack of myocardial infarction, in 
addition, -we shall give atropine sulfate in an initial dose of gi’ain (1.3 mg.) 
intravenously and follow by yir,o grain (0.5 mg.) by mouth three times daily. 
These measures seem rational. Only clinical statistical data can prove their 
value. 

SUMMARY AND CONCLUSIONS 

1. Auricular fibrillation occurring with myocardial infarction in eiglitj’- 
four patients represented a definite hazard if allowed to continue. 

2. Digitalis alone w^as apparently harmful -whether used in patients with or 
without congestive failure. 

3. Digitalis and quinidine together gave the best result when used in 
patients Avitli congestive failure plus auricular fibrillation. This was based 
upon the criteria of mortality rate, return to sinus rhythm, and incidence of 
occurrence of embolism, rupture, or sudden death. 

4. Quinidine alone was adequate if no congestive failure was present. 

5. If these data apply generally, digitalis alone should not be given for 
auricular fibrillation occurring -ndth myocardial infarction. Quinidine phis 
digitalis should be preferable. 

6. A tentative program for medication is suggested. 
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THE VALUE OF LEAD IVP IN CARDIAC INFARCTION 

'C. R. Burton, M.D. 

'Toronto, Canada 

Tls THE past, the. three standard limb leads frequently have proved inadequate 
when electrocardiographic confirmation of a clinical diagnosis of cardiac in- 
farction was desired. This led IVolferth and Wood^ to add the anteroposterior 

c lest lead to the electrocardiogram in an attempt to increase its diagnostic value 
in tins condition. 

V 1 potential variations in chest leads were later estab- 

lished by Hoffman and DeLong,^ Katz and Kissin," Goldbloom,^ Master, = Rosen- 
bium and Sampson, « Shipley and Hallaran,'' and Sorsl?y and 'Wood.® To stand- 
ardize the i^oimation obtained from various sources, a Joint Committee of the 
^eri^n Heart Association and the Cardiac Society of Great Britain and 
reland was appomted. The recommendation of tiiis Coimiiittee^ that, if a single 
ecor ca e done, Lead nrC (apex-left leg) be the derivation of prefer- 
e lee, las een o lowed at the Toronto General Hospital since Jan. 1, 1938. 

investigators have emphasized the fact that multiple chest leads are 
nreenrdi'il^/l^^^^f^ ^ G^eetrocardiograpliic examination of the heart. No single 
di'tjp-icp " TT maximum information in aU forms of heart 

record ^ matter of routine in practice, it is seldom feasible to 

Most roiTlinp T ^ electrocardiogram. 

much more fall> 

recen?infte?L?^«° <==>=^3 of 

in aetaU»-=. »•-=• o,-. ' anterior wall of the myocardimn have been described 

tant in 'the diffeie^tiV^"®" •" impor- 

^^i^nial Wings 
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QBS Complex in Normal CF Leads.— As the chest electrode travels from 
CPi to CP4, i.e,, from the right border of the sternum in the fourth intercostal 
space to the left piidclavicular line in the fifth intercostal space and thence, at 
this same horizontal level, to the anterior axillary line (CP5) and midaxiilkry 
line (CFc), the QRS complex goes through the changes outlined in Pig. 1. The 
small initial upward deflection (R) present in CPj rises progressively so that, 



Fig. 1. — The standard limb leads and CP derivations from a young man with no evidence of 

heart disease. 

in CP4, R and S waves are usually about equal in magnitude. Farther to the left, 
the R wave remains high while there is a progressive diminution in the depth of 
the S wave until the latter may disappear entirely. Usually just before the S 
wave disappears an initial negative deflection (Q) develops; this deflection is 
seldom greater than 1 to 2 mm. in depth. 

In the presence of recent infai’ction of the anterior wall of the myocardium, 
the initial QRS deflection in Lead IVP usually becomes negative (development 
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of a Q4) associated with a marked reduction or complete disappearance of the 
R wave The S wave remains a deeply negative deflection so that QRb^ 
becomes wholly negative (Figs. 2 to 7). Less frequently R^ remains the imtml 
QRS deflection. When this occurs, R4 is usually small, under 2 mm. in height, 
but may be somewhat higher or even of normal height (Figs. 4, h, c, d, and e) . 
Early in the course of the infarction the RS-T segment is markedly elevated, 
giving place, in a few days, to a negative T wave of sjunmctrical limbs, which 
may become very deeply negative (Fig. 5, f). 



Fig. 2. 


a. h, c. 

Fig. 3. 


Fig. 2. — Feb. 16, 1940. .Vngina pectoris for one year. Prolonged pain Feb. 7, 
1940. A good example of the value of Lead IVF in the diagnosis of recent anterior infarction 
(confirmed at autopsy Feb. 19, 1940) in the only record obtained. While there is slight de- 
pression of the RT segment in Lead III, there is no finding in Lead I that would contribute 
to the diagnosis. 


T 27, 28, and 29, 1940. Angina pectoris for one year. Prolonged pain 

June 24, ^40. The ^gnosis of recent anteuor infarction in the initial record depends en- 
tirely on the Lead n^F findings of marked elevation of the RT segment associated with ab- 
sence of tim R wave. The diagnosis is obvious in the limb leads in the second and third 
records. (Diagnosis confirmed at autopsy June 30, 1940.) 


Usually, in anterior infarction, in the presence of an entirely negative QRS 
complex in IVF, a notching of the descending limb can be seen (Fig. 4, a). 
According to klortenseii,"* this represents the remnant of the R wave which has 
been reduced to this degree. This notch may be of value in helping to difeeren- 
tiate anterior infarction and left ventricular hypertrophy which, rarely may be 
responsible for the absence of the R wave in CF^. When this does occur no 
semblance of R^ remains. ^ ’ 
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Since tlie development of a Q wave in Lead IVF is important to the diag- 
nosis of anterior infarction, it occasionally becomes necessary to distinguish 
between a normal and an’ abnormal Q wave. A normal Q wave (less than 2 
mm.) is usually associated with a high -E ,wave and a small or absent S wave 
(Fig. 1). In the CF^ position this may obtain normally mth a small, centrally 
placed heart. On the other hand, the Q wave of anterior infarction usually is 
accompanied by marked reduction in the height of while the S Avave remains 
deeply negative. 



' Fig. 4. — P.G., Jan. 12, 13, 17, and 31, 1939, and Feb. 21, 1940. Angina pectoris for two 
years. Prolonged attack Jan. 12, 1939. The sole diagnostic feature of the Initial record is tne 
absence of the R ivave in Liead rVF, although there is suggestive depression of the RT seg- 
ment in X-ead HI. The diagnosis Is obvious in both limb leads and in Lead IVF in the next 
three records made during the three weeks following the attack of prolonged pain. Complete 
reversion to a normal record has taken place one year later. (See follow-up group.) At post- 
mortem examination (Aug. 23, 1940) fibrosis in the apex of the left ventricle was found. 


MATERIAL 

AH cases of cardiac infarction admitted to the public wards of the Toronto 
General Hospital in a four-year period, 1938 to 1941, have been reideAA'ed. Elec- 
trocardiographic records were made at frequent inteiwals on the majority of 
cases of recent infarction. In addition to the study of cases of cardiac infarc- 
tion, all records showing abnormalities in the ventricular complex Avere re- 
viewed. This latter study Avas confined to the first thirty months of the four- 
year admission period, and only the records of those cases coming to autopsy 
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^^■eve selected for analysis and comparison witli the series of proved cases of 
anterior infarction. 

All records were taken on an English Cambridge electrocardiograph. Each, of the 
four leads was standardized so that a difference in potential of 1 mv. was recorded by a 
deflection of 1 cm. in the finished electrocardiogram. The chest electrode consisted of 
a metal disk, 3 cm. in diameter, which was firmly held to the selected spot by a rubber 
band encircling the chest. 



a. b. c. d. c. f. g. 

.X. Fig-. 5.— w.p., March 20, 23. 25, and 28 and April 1 and 8, 1939, and May 21, 1940. 
Attacks of prccordial pain, March 17 and 18, 1939, followed by fever, leiicocytosis, and peri- 
cat'dial friction rub. Lead IVF alone shows indisputable evidence of recent anterior infarction 
m the first three records taken during the first week after the attaeJes. During the second 
-weeks, the limb leads also sho-w typical diagnostic changes. However, the sole 
lysidual evidence of the infarct fourteen months later is to be found in Die absence of the 
R wave and the negative T wa\e of symmetrical limbs in Lead IVP. 


Most of the records were taken bj' the technician who was instructed to attempt to 
locate the apex beat bj’’ palpation when doing Lead IVP and to place the chest electrode 
on the outer border of the impulse. If no apical impulse could be palpated, the electrode 
was to bo placed in the fifth left intercostal space in the midclavicular line. Thus, in this 
study, Lead ITP is a combination of true Lead HTP and Lead CP^. 

Gases of cardiac infarction were arbitrarily divided into “recent” and 
old groups for the purpose of analysis of the eleetrocardiogi’ams. A ease 
was considered recent if a record was obtained within one month following 
the acute attack ; otherwise, it was included in the old group. 

The group of recent infarctions was subdivided into four classes: (1) 
anterior, (2) posterior, (3) multiple or extensive, and (4) atypical The 
cases of old infarction were subdivided into anterior and posterior groups for 
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further study. Included in -the group of old anterior infarcts are many cases 
in the recent group recalled for further electrocardiographic study. 

Recent Anterior Tnfarcts.~As shoum in Table 1, 152 eases of recent anterior 
infarction were analyzed and grouped into four subdivisions : 


Table I. Belative Diagnostic Value of Lead I and Lead IV in 152 Cases of 
“Eecent” Anterior Infarction 




initial POSITIVE DEFLECTION. OES, 

diagnosis confirmed by 

NUMBER OF 
CASES 

ABSENT 

SMALL 

normal 

a. Lead IV only (29 cases) : 





Examined post mortem 

9 

7 

o 

0 

0 

Clinical diagnosis only 

20 

20 

0 

b. Lead IV superior to Lead I (35 
cases) : 


Examined post mortem 

8 


2 


Clinical diagnosis only 

27 

25 

2 

1 

0 

c. Leads I and IV equal (7G cases) : 



Examined post mortem 

15 

12 

9 

T 

Clinical diagnosis only 

61 

57 

3 

1 

d. Lead I only (12 cases) : 




Examined post mortem 

2 

0 

0 

2 

Clinical diagnosis only 

10 

0 

0 

10 

Total number of cases 

i 152 

126 

11 

^ 15 

Total number of cases examined post 





mortem 

' 34 

24 

6 

4 



a. b, c. d. e. 

Eigr. 6.— E.C., Jan. 2, 5. 8. 11, and 16, 1940. Attack Jan. 1, 1940. The diagnosis of 
recent anterior infarction could be suspected in the limb leads from the development of neg- 
ative T waves in Leads I and IL In any single record, however, the diagnosis is made with 
certainty in Lead IVF only. Ko post-mortem examination. 
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a Lead IV alone showed changes diagnostic of anterior infarction in one or 
more records in 29 cases (19 per cent). Of 34 cases failed post mortem, 
nine (26 per cent) showed definite diagnostic changes in Lead IV only. Pnrther 
study of these cases is recorded in Table II- 

Table II. Anterior Infarction: Characteristic Changes in Lead IV Only 


DIAGNOSTIC CHANGES EVIDENT 1 

only record made (Fig. 2) 
only 1 record of a series .(Figs. 3 and 4) 
more than 1 record (nsually initial 2 or 
3 of a series of 6 or _8 records) (Fig. 5) 

In all records of a series (Figs. 6 and 7) 
Total 


NUMBER OF 
CASES 


NUMBER CONFIRMED BY 
POST-MORTEM 

examination 

1 

2 



- Fig", t* E.R., Ang, 22, 27, and 30, and Sept. 6 and 16, 1938. Attacks one vear and two 

marked change in T waves in the standard leads. 
Read i\ F alone contains certain evidence of anterior infarction. 

b. The chest lead showed much more obvious and determinate etudenee of 
recent anterior infarction than the minimal diagnostic changes in the limb leads 
in 35 (23 per cent) of the 152 cases. In the cases examined post mortem, eight 
(24 per cent) of the 34 cases fell into this ginup. 

e. AU four leads showed equally and simultaneously the changes of recent 
anterior infarction in 76 cases (50 per cent). Fifteen of these. (44 per cent of 
the 34 cases examined post mortem) ivere proved anatomieallv. 
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d. In 12 eases (8 per eent) witli diagnostie ehanges in the limb leads, Lead 
IV showed minimal, if any, changes (Table III). Two of these (6 per cent of 
the 34 eases examined post mortem) came to autopsy. 

Since changes in the QRS complex in recent anterior infarction are more 
reliable diagnostically than T-wave changes alone, the initial deflection of the 
QRS complex has been examined in each ease of recent anterior infarction 
(Table I). One hundred twenty-six cases (83 per eent) .showed a negative 

Table HI. Anterior Infarction: Minimal or No Change in Lead IV 


1. No change in Lead IV (Fig. 8) * 4 

2. changes only — QES not altered 8 

a. T 4 transiently low and notched (Fig. 9) 1 

b. T< slightly negative or diphasic 2 

c. T^ deeply negative (Fig. 10) 5 



6 . 


a. 


Fig. 8.— F.R., Jan. 20, 21, 23, 27, and 28, and Feb. G, 1941. Attacks Jan. I'l and 
1941. While tlie limb leads were slow to change, the diagnosis of recent anterior infarction 
could not be made in Lead IVT t\hich remained normal throughout the period of obsertation. 


initial deflection; 11 cases (7 per cent) showed a positive initial deflection 
under 2 mm., i.e., a small R^,; the remaining 15 eases (10 per eent) showed a 
positive initial deflection greater than 2 millimeters. 

Of the 34 cases which came to autopsy, 24 (70 per cent) showed an initial 
negative deflection of QRS4 ; six eases (18 per cent) showed a small initial , 
and four cases (12 per eent) had an initial R4 greater than 2 mm. in height. 
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• The majority of cases of recent anterior infarction presented an initial nega- 
tive deflection of mth or without the disappearance of , in -the first 

record which in many cases was made within a few hours of the attack.^ ^ ^ 

Old Anterior Infarcts . — The results of analysis of 97 cases of old ’’an- 
terior infarction are found in Table IV. In 57 cases no record was obtained 
during the month after the acute attack. Fifteen of these were confirmed at 
autopsy. The remaining 40 of the 97 eases arc tabulated as “follow-up” 
records; they represent cases included previously in the gi’oup of “recent” an- 
terior infarcts, in which at- least one record was obtained several months after 
the initial series. 



a. h. c. d. c. f. 

Fig. 9.— S.G., June 26, 27, 2S, and 29, and July 3 and 14. 1939. Attack June 24, 1939. 
Diagnosis of recent anterior infarction can be made in the limb leads in the initial record, while 
Lead IVF is normal. W'’hile the T wave in Lead IVF becomes transiently low and notched 
in serial records, the diagnosis of anterior infarction is at no time possible from Lead IVF 
alone: Rj i-emains normal in height tliroughout the series. 


Lead IV showed the sole diagnostic evidence of anterior infarction in 46 
eases (48 per cent) and much better and more certain evidence than Lead I 
in eight (8 per cent). The emdence was equally good in Leads I and IV in 36 
cases (37 per cent).- Lead I showed the only evidence in one case (1 per cent), 
Li addition, there, were six cases in the “follow-up” group which showed no 
residual electrocardiographic sign of the former attack. 

initial negative deflection of QRS^ was found in 74 (76 per cent) o.f 
the 97 cases. An initial positive deflection under 2 mm. was present in 15 eases 
(16 per cent) ; while was over 2 mm. in eight cases (8 per cent). 

It is interesting to scrutinize more closely the records of the follow-up 
group of 40 cases (Table, V). These later records were all taken from six 
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Table IV. Eelative Diagnostic Value of Lead I and Lead rv in Ninety-Seven Oases 

OF “'Old” Anterior Infarction 


diagnosis confirmed by 

NUMBER OF 
CASES 

initial positive deflection. OESi 

ABSENT 1 SMALL | NORMAL 

Lead iV only: 

’ Clinical diagnosis only 

1C 

16 

0 

0 

Examined post mortem 

6 

3 

3 

0 

Follow-up 

24 

22 

2 

0, 

Total 

46 

41 

5 

n 

Lead IV superior to Lead I: 

Clinical diagnosis only 

7 

7 

0 

0 

Examined post mortem 

1 

0 

1 

0 

Follow up 

0 

0 

0 

0 

Total 

8 

7 

1 

n 

Leads I and IV equal: 

Clinical diagnosis only 

18 

12 

6 

0 

Examined post mortem 

8 

4 

3 

1 

Follow-up 

10 

10 

0 

0 

Total 

36 

26 

9 

1 

Lead I only: 

Clinical diagnosis onl}' 

1 

0 

0 

1 

Examined post mortem 

0 

0 

0 

0 

Follow-up 

0 

0 

0 

0 

Total 

1 

0 

0 

1 

Summary: 

6 

0 

0 

6 

No remaining evidence (follo\\-up) 

Clinical diagnosis only 

42 

35 

6 

1 

Examined post mortem 

15 

7 

7 

1 

Follow-up 

40 

32 

2 

6 

Total 

97 

74 

15 

8 


months to two years after the patient was admitted to the hospital with the 
acute attack. In 24 cases Lead IV alone showed remaining evidence of the 
former anterior infarction ; an initial negative deflection of QES^ only in 13 
cases; an initial negative deflection of QRS 4 and a negative Tj in nine cases; 
and a small initial positive deflection of QRS^ in the remaining two cases, one 
of which also showed a negative T^. 

Leads I and W were considered equally diagnostic of old anterior infarc- 
tion in ten of these 40 cases. In eight of the ten, Ti and T 4 were negative and 
coronary in shape, and were associated with an initial negative deflection in 
QRS4. In the other two eases, T4 had returned to a positive deflection. 

Table V, “Old” Anterior Infarction: Follow-Up Eecords on Forty Cases 

NUMBER of 


remainin g diagnostic evidence in CASES 

Lead IV only: 

Initial negative deflection of QES, only 13 

Initial negative deflection of QES, and negative T, 9 

E, under 2 mm. only 1 

E, under 2 mm. and negative T, 1 

24 

Leads I and IV equally: 

Initial negative deflection of QES, 10 

(Ti negative: T, positive 2 cases 

Ti and T, negative 8 cases) 

No residual evidence of former attack 6 


Summary: 

T, remained negative in 10 cases (25 per cent) 
T, remained negative in 18 cases (45 per cent) 
QES, continued to show evidence 

of former attack in 34 cases (85 per cent) 
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111 the remaining six eases, complete reversion to normal had taken place. 

Posterior Wall Infarction.— In recent posterior infarction the typical find- 
ing in Leads I and IV is temporary depression of the BT segments. A return 
to former levels is usually seen in the course of one to two weelcs. In 57 (70 per 
cent) of a total of 82 cases, Leads I and IV showed these changes equally. ^ Lead 
rVF was either the only lead to show BT depression or showed it much more 
obviously in 20 cases (21 per cent). Lead I^alone showed this change in five 
eases (6 per cent). 



n. h. c. d.. e. /. 

FJ&. 10. — J.S., Augr. 13, 16, 19, and 22, and Sept. 9 and 16, 1941. Angina pectoris for 
tliiee months. Prolonged pain Aug. 9, 1941. The diagnosis of anterior infarction is obvious 
in the limb leads. T wave m Lead I VP becomes pi ogresslvely more negative ; the R wave 
remains at normal height. 

Neither Lead I nor IV showed any change which contributed to the diag- 
nosis in old posterior wall infarction. There were 35 such cases. ' 

Seven cases of recent posterior infarction and three cases of old posterior 
infarction came to autopsy. The electrocardiograms from these cases had shown 
B^ normal in height in seven and under 2 mm. in the other three cases; in none 
was it absent nor was there an initial negative deflection. 

Mvltiple a7id Extensive Infarction . — ^Under tins heading are considered 
those cases which in serial records do not fall readily into either the T^ :T4 type 
(anterior) or the T3 type (posterior). This group is composed of 47 eases which 
liave been divided into three arbitrary groups. 

1. Cases showing negative T waves in all four leads: There were 24 eases 
in this subdivision. Six came to autopsy (Table VI). In lour of the six cases 
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Table VI. Electrocakdioqraphic Changes in Cases of Multiple and Extensive 
Infarction in Which Diagnosis Was Confirmed at Autopsy 


1. Ti, 2 , 3 , a„d< negative (6 cases) ; 

a. Infarction of anterior and posterior Trails through septum: 

single attack, 1; multiple attacks, 3 (Ri absent in 2 cases; 
El small in 2 cases) 

b. Infarction of anterior, lateial, and posterior walls (one at- 

tack, with Bi absent, in both cases) 

2. Lead IV behaved in manner opposite to that of limb leads 

(3 cases): 

a. Limb leads indicative of posterior infarction: 

Lead LV indicative of anterior infarction 

i. Eecent infarction of anterior and posterior nails of 

left ventricle and the adjacent anterior portion of 
septum — 1 case 

ii. Old anterior and posterior infarcts plus smaU mul- 

tiple pulmonary infarcts — l case (T. negative; 
Qs, a. <) 

b. Limb leads indicative of anterior infarction: Lead IV 

indicative of posterior infarction. Old and recent in- 
farcts of anterior and posterior walls of the left ventricle 
and septum (Ei normal) 

.3. Multiple infarction (1 case) : 

Two infarcts — 1 lateral and I posterior 


NO. 


4 

p 


1 


T 




examined post mortem, the infarct extended through the septum to involve both 
the anterior and posterior walls of the left ventricle. In the remaining two 
eases, the large infarct extended laterally around the left ventricle to lie both 
anteriorly and posteriorly. Ten of the 24 patients in this group suffered a single 
attack ; 14 had more than one attack. The initial deflection of QRS^ was nega- 
tive in 15 of the 24 eases; positive but small in three; and normal in height in 
six eases. 

2. Cases in which Lead IV behaved in the opposite manner to changes in the 
limb leads : Twelve cases fell into this group. In eight of these Lead IV shoiVed 
changes either typical or very suggestive of anterior infarction, while limb lead 
changes alone indicated posterior wall localization. In the other four cases the 
reverse was true ; limb leads suggested anterior infarction, while Lead IV indi- 
cated posterior wall involvement. 

Three of the 12 cases came to autopsy. One, in which Lead suggested 
anterior infarction while the limb leads suggested posterior infarction, showed 
recent infarction of anterior and posterior portions of the left ventricle and 
of the anterior (adjacent) portion of the interventricular septum. In another 
ease with the same electrocardiographic findings, old anterior and posterior 
cardiac infarcts "were demonstrated along with small multiple puhnonary in- 
farcts. The electrocardiographic findings of negative T waves in Leads II, III, 
and IV, together ivitli Q,, 3 , 4 , are thus accounted for. The remaining case in 
which the limb leads, in a single record taken just before death, suggested an- 
terior infarction - and Lead IV posterior infarction, showed old and recent 
infarcts of the anterior and iiosterior walls of the left ventricle and septum. 

3. Cases of multiple infarction under clinical observation throughout the 
course of more than one attack of cardiac infarction ; In each of the 11 eases in 
this group electrocardiographic changes gave adequate evidence of tw’o or more 
separate clinical episodes diagnosed cardiac infarction. It is interesting to note 
that "in two of five cases with evidence of an older anterior infarct upon which 
had been superimposed a recent posterior infarct the well-marked initial nega- 
tive deflection of QIIS 4 , that developed as the result of the anterior infarction, 
completely disappeared leaving a normal R 4 (initial positive deflection) with the 
advent of the posterior infarct. 



'■ . burton y-;: VALUE OF LEAD, iVi* IN. CARDIAC INFARCTION ^ 2(1 

; Atypical, Warcfs.~liiere Wj5 ca^^^ 
coronary occlusion in wMcli. there "was evidence, of cardiac infarction, such as 
transient fever and reucoejdbsis, hut in which- serial eleetroeardiographic records 
failed to show diagnostic changes. None of these cases came to autops^L , 

Coronary . Occlusion Without Infarction.—lh 18 cases in which the history 
suggested recent coronary occlusion, the elinieal course was not characteriKed by 
fever and leucocytosis. Electrocardiograms in these cases eonunonly showed 
T-wave changes, usually irithout changes in the QRS. These could not he con- 
sidered cases of cardiac infarction. In the majoritj^ T^ became transiently nega- 
tive. Three of the 18 cases in this group came to autopsy. It is of interest 'that 
one case with recent thrombosis of the anterior descending branch of the left 
coronary artery without visible iiifairtion in the ventiiele had shown a definite 
initial negative deflection of QRS 4 (Q 4 ). 

SPECIAL STUDY OF 165 CASES EXAMINED POST AlORTEM 

In order to visualize more clearlj* the significance of the change which 
usually occurs in the QRS complex of Lead IVP with the advent of anterior 
infarction, 165 cases examined post mortem were selected for special study... 
Of these, 58 eases sliowed anterior wall infarction, and 107 showed other forms 
of heart disease. A striking contrast is thus presented by these two groups 
with respect to the initial deflection of the QRS complex (Table VII).' 


T.\ble VII. Electrocardiographic Pindixgs ik Eifty-Eigut Cases of Anterior 
Infarction and 107 Cases op Other Forms op Heart Disease 
Examined Post LIortem 


CLINICAL DIAGNOSIS ! 

NUMBER OP I 
CASES ! 

INITIAL 

jVBSENT 

POSITIVE DEPLECTION; QRSi 

1 SM. 1 VLL 1 NORMAL 

Anterior infarcts (in four-year 
period) : 

Recent 

35 

25 

6 

4 

Old 

14 

6 

7 

1 • .. . 

Complicated 

9 

6 

1 

2 .. 

Total 

58 (100%) 

37 (64%) 

14 (24%) 

7 (12%) , 

Infarction other than anterior (in 
four-year period) 

11 

0 

4 . 

7 

Coronary occlusion without in- 
farction (in four-year period) 

'.3 

1 

0 

2 

Other forms of heart disease (in 

93 

(5 

19 

68 

thirty-montli period) 

Total 

107 (100%) 

7 (6.5%) 

23 (21.5%) 

77 (72%) , : 


Tlie chief cardiac changes of significance, in relation to QRS^, found at 
autopsy in the 165 cases selected for special investigation were as follows: 


Q 4 R 4 (nine cases) : 

Anterior infarcts were found in 

Recent thrombosis of the anterior descending branch of the 
left coronary artery was found in 
Pulmonary einboHsm but no cardiac infarction was found in 
(Q 4 was present in only one of four serial records on 
this ease) 

R 4 absent (35 cases) 

Anterior infarction was found in 
Pulmonary embolism w'as found in 
Pericarditis was found in 

Aortic vaL\mlar disease uith left ventricular hypertrophy was 
■ , found in . ■ • ..-t' . 


7 eases 

1 case 
1 case 


30 cases 
‘ 3 cases 
1 case 

1 case 
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small (2 mm, or less) (37 eases) : 

Anterior infarction (left bundle branch block in 2 cases) was 

found in cases 

^Left ventricular hypertrophy curve (result of hypertensive 
cardiovascular disease or aortic valvular disease) was 
found in_ 12 eases 

Lateral wall infarction was found in 4 eases 

Posterior infarction together with coronary sinus thrombosis 

was_ found in _ 1 ease 

Syphilitic aortitis with posterior infarction was found in 1 ease 

Periarteritis nodosa of coronary arteries was found in 1 ease 

Pulmonary heart disease was found in 1 ease 

Miscellaneous lesions (left bundle branch block in 1 ease) 

were found in 3 eases 

normal height (over 2 mm.) (84 eases) : 

Anterior infarction (in 2 cases, Lead IV suggested posterior 

infarction) was found in 7 eases 

Posterior infaretion was found in 8 cases 

Recent coronary thrombosis without infarction was found in 2 eases 
Left ventricular hypertrophy curve was found in 28 eases 

Miscellaneous forms of lieart disease other than above were 

found in 39 cases 


Other investigators'^' have pointed out that changes in QRS^ 

.are more reliable diagnostic evidence of anterior infarction than T4 changes alone. 
This observation has been confirmed in this series of cases by a negative T., asso- 
ciated with the following conditions: (1) left ventricular hypertrophy, a result 
of hypertensive cardiovascular disease or aortic valvular disease; (2) pulmonary 
embolism; (3) pericarditis; (4) a few cases of arteriosclerotic heart disease with- 
out infarction and without a left ventricular liypertrophy curve; (5) certain 
adults apparently without heart disease, including some adolescents in whom 
the clinical diagnosis was “neurasthenia”®'*; (6) following an arrhythmia such 
as paroxysmal auricular tachycardia, paroxysmal flutter or fibrillation (tran- 
siently negative in serial records); (7) nephritis, acute and chronic; (8) 
myxedema; (9) Addison’s disease; (10) congenital heart disease; and (11) 
digitalis effect. There are no records on children in this series. 

DISCUSSION 

With such a large variety of conditions giving rise to a negative T Avave 
in Lead IVF, it is fortunate that with the advent of anterior infarction changes 
hceur as described above, e.g., the appearance of an initial negative deflection 
of the QES (Q wave) with coincident reduction or absence of the positive 
deflection (R wave). The significance of the presence of a Q ivave in Lead 
IVP has received extensive study. Master and associates®' found that 88 per 
cent of 120 cases exhibiting a Q4 ivere probably anterior infarcts. Vander Veer 
and Edwards®® report that 67 per cent of 102 cases of absent R4 had anterior 
infarction. Cutts, Clagett, and Pulton,®® in a group of 30 cases ivith similar 
electrocardiographic findings which were examined post mortem, found evi- 
dence of antei’ior infarction in 87 per cent. 

In Table VTI it is shown that, of the 58 cases of anterior infarction exam- 
ined post mortem in the present series, 64 per cent showed an initial negative 
deflection, which is in sharp contrast to 6.5 per cent of 107 eases of other forms 
of heart disease. Conversely, an initial positive deflection (R) in excess of 2 
mm. Avas found in 72 per cent of other forms of heart disease, Avhile only 12 
per cent of anterior infarction eases presented a normal R^. , 
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Since the series of cases of infarction extended over a longer period (48 
months) than the series of other forms of heart disease (thirty months), in- 
sider ation of the 44 cases presenting an initial negative deflection of QKS4 
could not he reduced to percentage of those showing anterior infarction ivith- 
out weighting the figures. With proper weighting, 77 per cent of cases with 
an initial negative deflection showed anterior infarction;^ of the cases with a 
normal positive initial deflection, 5.6 per cent had anterior infarction. 

Difiieulty may he encountered in the correct interpretation of an initial 
positive deflection (R4) less than 2 mm. in height. Levine and Levine^" state 
that 50 per cent of cases of angina pectoris shoiving small initial positive de- 
flection of QRS4 have had anterior infarction. After iveighting, 29 per cent 
of all cases in this series with an initial positive deflection less than 2 mm. in 
height showed anterior infarction at post-mortem examination. 

Value of Lead IV in Anterior Infarction.— Recent infarction: As noted 
above, 29 (19 per cent) of 152 cases of anterior infarction showed diagnostic 
changes in Lead IVF alone in at least one record of a series done on an individ- 
ual case. These may he subdivided as follows : 

1. In 14 cases (9 per cent) diagnostic changes were entirely lacking in the 
limb leads: in serial records on ten eases (6 per cent) ; and in the only record 
obtained on four cases (3 per cent) . The usual cause of failure of the limb leads 
to show certain evidence of anterior infarction was pre-existing electrocardio- 
graphic abnormality, such as a left ventricular hypertrophy curve. 

2. In 15 eases (10 per cent) the electrocardiographic diagnosis was estab- 
lished by Lead IVF hours or daj^s in advance of the appearance of diagnostic 
changes in the limb leads. 

In addition, there were 35 cases (23 per cent) of recent anterior infarction 
in -which the chest lead showed much more obvious and definite diagnostic 
changes than the minimal changes in the limb leads. Thus in 42 per cent of 152 
eases Lead IVF was either of considerable or of paramount importance to the 
electrocardiographic diagnosis. 

When the series of 34 cases examined post mortem is segregated. Lead IVF 
is seen to have an even greater value. In 26 per cent of these cases. Lead IV 
alone revealed the diagnosis, while it had a marked advantage over the limb 
leads in contributing to the correct diagnosis in a further 24 per cent. Thus, 
in half the proved eases of anterior infarction Lead IVF provided more definite 
diagnostic evidence than the limb leads. 


These findings are in agreement ivith those of other investigators. Gold- 
bloom* found that Lead IV alone showed diagnostic changes in 7.5 per cent 
of cases of coronary occlusion. Bohning and Katz^'* state that, as a rule, in- 
farction is more easily diagnosed early from Lead IV. Willcox and Lovibond^' 
found that 35 per cent of 20 cases showed the only significant electroeardio- 
paphic changes in Lead IV soon after the attack, while the same was true 
in 20 per cent of their series of 20 eases in which the infarcts were slightly 
older. Lieberson and Goldbloom^® summarized their report of seven years’ 
experience with chest leads by stating that Lead IV “increases the efficiency 
of the conventional leads in detecting and corroborating evidence of acute 
coronary thromlDosis in about 10 per cent of the cases if serial (and occasion- 
ally multiple) precordial leads are used; by about 4 or 5 per cent when single 
four-lead eleetTOcardiograms are used.” ^ 

in Y greater advantage over the limb leads 

m the diagnosis of old anterior infarction."* "®* Lead IV provided the sole 
diagnostic evidence m 46 (48 per cent) of the 97 cases, while in a further 8 
per cent the evidence was much better in Lead IV than in the limb leads^^ 
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Attention has been directed to the persistence of the altered QRS^ as the 
result of anterior infarction.^®* ®® In the present series of cases, the fre- 
quency with which QES4 alone showed remaining diagnostic evidence of the 
former attack has been noted, hamng reverted to an upright deflection in 
the majority of cases. 

Atypical infarction : Following acute occlusion of a large branch of one 
of the coronary arteries, the size and extent of infarction of the myocardium 
depend largely on the degree of atherosclerotic narrowing present in the re- 
mainder of the branches of the coronary tree. Thus, it is not surprising that 
the electrocardiographic tracing frequently does not conform to the typical 
anterior or posterior pattern. As noted in the review of cases of atypical 
infarction, Lead may definitely increase the value of the electrocardio- 
gram in localizing the infarct by behaving in a manner opposite to that of the 
limb leads.’ 

SUMMARY AND CONCLUSIONS 

1. Analysis of the electrocardiographic records of cases of cardiac infai’ction 
admitted to the public w*ard of the Toronto General Hospital during a four-year 
period has been made. The records consist of the standard limb leads and 
Lead JYF. 

2. Study was also made of the electrocardiographic records of all cases 
showing abnormality in the ventricular complex (QES-T). admitted duiang the 
first thirty months of the same four-year period. However, only the records 
of those cases coming to autopsy w^ere analyzed for comparison with the proved 
cases of cardiac infarction. 

3. Lead IVF was found to present the sole diagnostic evidence of recent 
anterior infarction in 19 per cent of 152 cases, and in 48 per cent of 97 cases 
of old anterior infarction. 

4. Lead IVF presented the main diagnostic evidence in a further 23 per 
cent of cases of recent anterior infarction, and in a further 8 per cent of old 
anterior infarction. 

5. Thus, Lead IVF had a definite advantage over the limb leads in con- 
tributing to the electrocardiographic diagnosis in 42 per cent of recent and in 
56 per cent of old anterior infarction cases. 

6. In 47 cases of infarction .showing changes other than the tj’pieal an- 
terior or posterior distribution, Lead IVF was important to the electrocardio- 
graphic localization of the infarct by behaving in g, manner opposite to the 
changes in the limb leads in 12 cases (25 per cent). 

7. Changes in QES4F iu anterior infarction were described in detail and 
their outstanding characteristics compared with the QES^ findings in anatomi- 
cally proved cases of other forms of heart disease, including infarction other 
than anterior. 

8. The conditions other than anterior infarction associated with inversion 
of T4 have been enumerated. The electrocardiographic diagnosis of anterior 
infarction was much more reliable ^vhen the ventricular complex as a u'hole in 
Lead IVF underwent characteristic changes. 

9. Of the cases examined post mortem, in which an initial negative QES^ 
deflection had been recorded, 77 per cent showed anterior infarction, 

10. Approximately 29 per cent of cases examined post mortem, which had 
presented an initial positive deflection less than 2 mm. in height, shorved an- 
terior infarction. 

11. Of tlie eases with a normal initial positive QES^ deflection which came 
to autopsy, 5.6 per cent showed anterior infarction. 
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OBSERVATIONS ON TWO PATIENTS WITH PAROXYSJIAL 
VENTRICULAR TACHYCARDIA TREATED BY THE 
INTRAVENOUS ADMINISTRATION OP 
QUINIDINE LACTATE 

Don W. Chapman, M.D. 

Houston, Texas 

I 

P AROXYSIMAL ventricular tachycardia^ is generally, but not always, asso- 
ciated with grave heart disease. In most instances it is associated with 
disease of the coronary arteries, occurring in 5 per cent of all myocardial in- 
farctions. . Ventricular tachycardia is not alw^ays fatal when it occurs ■with 
coronaiy occlusion. It may be transient lasting for only a few hours and causing 
no particular problem in treatment ; on the other hand, it may be persistent and 
resistant to therapy and may terminate fatally. It has occasionally been wit- 
nessed foUo^ving the administration of digitalis^ and has also been precipitated 
by slight physical exertion^ in individuals without other clinical e-sddenee of 
heart disease. Experimentally it has occurred in eats foUowng the adminis- 
tration of low tension chlorofonn vapor, and Robinson and Herrmann® found it 
frequently in dogs follomng ligation of the coronary arteries. The purpose of 
this paper is to present some of the aspects in diagnosis and treatment of ven- 
tricular tachycardia, including the report of t-o'o unusual cases treated by the 
intravenous administration of quinidine lactate. 

CASE REPORTS 

Case 1. — W. C. This patient was admitted to the University Hospitals on Oct. 14, 1942. 
Two days previously, he had experienced a typical attack of coronary occlusion with pro- 
cordial pain radiating to both shoulders and up the back of his neck. The sharp pain had 
been replaced by a dull precordial distress and was accompanied by nausea and vomiting. 

Physical examination on admission, revealed a rather obese 52-year-old, acutely ill, 
orthopneic, disoriented, cyanotic white man with a flushed facies. The pupils were con- 
tracted (due to the administration of morphine), and the tongue was dry. The left border 
of the heart was 2 cm. to the left of the midclavicular line. The heart tones wore distant 
and a variable friction rub was present all over the precordium. The heart rate was 
approximately 200 beats per minute, but the rhythm was regular. The systolic arterial 
pressure was 90 and the diastolic was 80 mm. of mercury. The lungs contained a few 
moist rales at the bases. No other significant physical findings were present. 

An electrocardiographic tracing was taken immediately after admission, which re- 
vealed ventricular tachycardia at a rate of 210 beats per minute (Pig. 1). At 7:45 P.M., 
approximately thirty minutes after admission, quinidine lactate, in a dosage of 0.65 Cfm., uas 
administered intravenously. An electrocardiographic tracing taken seven minutes later 
revealed a normal mechanism witli a rate of 90 beats per minute. The patient then received, 
orally, 0.2 Gm. (3 grains) of quinidine sulfate, 30 mg. (^^ grain) of papaverine hydrochloride, 
and 0.2 Gm. (3 grains) of theophylline ethyicnediamine four times daily, and, in addition 
intranasal oxygen. 

During his hospital stay, from Oct. 14, 1942, to June 12, 1943, the patient had six more 
attacks of ventricular tachycardia, all proved by electrocardiographic tracings. Each attack 
was successfully stopped by the intravenous administration of quinidine lactate in doses 
varying from 0.325 "Gm. to 1.3 Gm. During the fifth attack, during which 0.65 Gm. of quini- 

From the Department of Internal Medicine, Baylor University College of Medicine, Hous- 
ton, Texas, and State University of Iowa College of Medicine, Iowa City, Iowa. 

Bcceived for publication Dea S, 1044. 
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dine lactate was injected intravenously without effect and 0.26 Gm. was repeated thirty 
minutes later, the patient’s heart tones suddenly stopped, he had a generalized convulsion, and 
approximately three to five seconds later he vomited, his heart tones became audible, and the 
cardiac mechanism had returned to normal. During the first five months of hospitalization, 
he received quinidine sulfate orally in doses varying from a minimum of 3 grains four times 
per day to 5 grains six times per day. He was maintained, during the last three months of 
his hospital stay, without recurrence of his attacks on a total oral dose of 30 grains of 
quinidine sulfate per day. 

Pollou-ing discharge from the hospital, he took quinidine rather spasmodically and 
finally discontinued it. On July 17, 2943, he apparently had another episode of coronary 
occlusion with severe precordial pain radiating into both arms. After this the sjouptoms 
recurred similar to those previously experienced during the attacks of tachycardia. 



Eig. 1. Electrocardiogrraphic tracing of paroxysmal ventricular tachycardia. 


He returned to the hospital on Oct. 10, 1943, for five weeks during which time he was 
maintained on a dose of 30 grains of quinidine sulfate oially without recurrence of the 
tachycardia. An electrocardiographic tracing (Pig. 2), obtained on this admission, revealed 
evidence of a fairly recent anterior coronary infarction. On Nov. 19, 1943, he was again 
admitted durmg an attack of ventricular tachycardia which was successfully converted to a 
normal mechanism by the intravenous administration of quinidine lactate in divided doses of 
0.6o Gm. each. He remained in the hospital three months during this r-isit and received 30 
grains of quinidine sulfate orally daily without further attacks. 

o- to take quinidine sulfate faithfully and when last seen. May 

tachycardia. An electrocardiographic tracing taken 
imc was essentially normal except for an occasional premature ventricular contraction. 

loja. ^ pjitient was admitted to the University Hospitals on Peb 26 

distress connected with this enisode tIip i. ”, There was no precordial 

.ns asst adatisston to tha UnivotsH.v Hospitals, „a had had ^epeated^.XrXS.r'S'e”! 
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Fig. 2. — Electrocardiographic tracing. of nodal rhythm in evidence of a fairly recent anterior 

myocardial infarction. 



Fig. 3. — Electrocardiographic tracing of paroxysmal ventricular tachycardia witli one cj-cle of 

normal mechanism in Lead II. 
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attacks We usually ratlW. suiade in their -onEet a xapia/*‘fluttery’’ feelihg-in the,W^|^* ; 

' Accompanying, these- attacks; theie Avo^d.'-be' rather 'seyere substemal paim wlucli wpidd radi- 
ate to thc^right shoulder. and dW the inner' aspect of . the.yight arm as far as, the wrist... The, 
attaclis usually, terniihated quite suddenly, altliough’ sometimes the. offset was. gradual, • 'phe 
physician who driginally saw this patient gave him quinidine sulfate in doses up. to 27 grains 
daily, Whout effect,' so, that the medication was discontinued. The iinal month before his 
hospital admission, he had experienced considerable exertional shortness of. breath,' but no 
orthopnea, dy^nea, or ankle edema, \ ' . . - 

Physical examination revealed a -moderately obese, , ambulatory, 47-yeaT-old. .white man 
without cyanosis or ankle edema. . The heart was not enlarged, the rhythm was regidar, and 
the rate, was 7G beats per. minute. The heart, tones had a somewhat mushy .quality but. no- 
definite, niurmurs were present, The systolic arterial pressure was 140 and' the diastolic was 
95 mm.- of mercury.' Dullness was elicited in the left lung base with some diminution in the 

■ breath sounds. No other: significant physical, findings were observed. 



Pig-. 4. — Electrocardiographic' tracing of 
of nonnal mechanisih . appearing, in Leads . II 
ministration of 0.G5 Gm. of . quinidine lactate. 


paroxysmal ventricular tachycardia t«th cycles , 
and III five minutes after the intravenous ad-. 


{ , 


^ A teleroentgenogram revealed a thickening of the pleura at the left base of the lungs 
without cardiac enlargement.. An electrocardiographic tracing taken on Feb. 16, 1944, was 
, normal. Drinaly.ses and' blood' examinations were negative. Blood Kolmer and ’Kline'tests 
were negative,' ■ , 

’ . Attempts to reproduce ah attack by exercise were unsuccessful. That same evening 
however,, the patient spontaneously developed a tachycardia ndth flushing of his face mild 
. apprehension, and rather profuse diaphoresis, but no precordial distress. An electrocardi- 
ographic tincing obtained at that time revealed ventricular tachycardia (Pig. 3), Carotid 
^essure failed .to alter the tachycardia, and quinidine lactate in 0.65-Gm. doses adlninistered 
m ravenously also failed to convert it to a normal mechanmm. An electrocardiographic tracing 
. ^.en five minutes- later (Pig. .4) showed slight alteration from the previous one Fifteen 
. ■. minutes later an electrocardiographic tracing revealed the presence of auricular tachycarfia 
; With several premature ventricular beats (Kg. ■■5).,' ■ 
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TJie patient was then placed on 3.G Gm. (54 grains) of quinidine sulfate orally daily 
in divided doses. Despite its constant administration, he continued to have attacks of tachy- 
cardia, and on all subsequent electrocardiograpliic tracings, live in all, the attacks were vem 
tricular in origin. The attacks lasted from twenty minutes to forty-eight hours regardless of 
whether or not he was receiving quinidine. Unfortunately, it nas necessary for the patient 
to go home due to outside circumstances. Quinidine therapy was discontinued and he uas 
discharged on March 10, 1944, with instructions to return in one month. ’ 

While at home, lie stated he had had an attack lasting from March 11 to March 1C 
1944, with the symptoms described previously. Following tliis he had several attacks lasting 
from one hour to three days. For the six days piior to readmission on March 30 1944 he 
had experienced no attacks. ’ ’ 

On A-pril 4, 1944, while in the hospital, he had another attack. Flectrocardiograpliic 
tracings revealed typical ventricular tachycardia. Since the patient had not pieviously re- 
sponded to quinidine, and because there uas a possibility that the origin of tlie tachycardia 
'was a circus movement about the base of the aorta, perhaps giving a ventricular type of 
electrocardiographic tracing, it was felt that tlie tachycardia miglit respond to supra 
ventricnlai medication. Therefore mecliolyl (acetyl-beta-methyl-choline) uas given in the 
usual dosages without effect. Then 0.6 mg. of lanatoside C were administered intravenously, 
and within fifteen minutes his cardiac mechanism was lestored to normal without any pre 
liminary slon-ing. Again the patient insisted on going home, therefore ue have no further 
studies as to the effectiveness of lanatoside C. 



Fig. 5. — Electrocardiographic tracing of paroxysmal auricular tachycardia with prema- 
ture beats of the ventricle in Lead II, fifteen minutes after the Intravenous administration or 
0.65 Gm. of quinidine lactate. 


DISCUSSION 

Ventricular tachycardia may sometimes be anticipated in the earlier day.s 
or weeks following a coronary occlusion by the development of multiple ven- 
tricular premature beats or by periods of excessively rapid heart beats. In 
Case 1, whenever the patient began to develop an excessive number of pre- 
mature beats usually an attack of ventricular tachycardia .soon developed. 

In ventricular tachycardia, the auricles beat independently of the ven- 
ti'icles but at a .slower rate. According to Grieco and Schwartz® the rapid 
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beating of, the , yentricles may. progressive^ , augment the ventrienbir pace- 
maker, and thus leach ultimately to asystole. Theoretically, therefore, the . 
cause of death in patients with ventricular tachycardia should be ventricular 
asystole rather than ventricular fibrillation, and -such a mechanism has been, 
found in about one-half of the cases studied at the time of death.: ; 

Levine® states that it is clinically possible .to, distinguish ventricular tachy- 
eardia from other forms of rapid heart action by the follovdng. three points : 
first, the rhythm is rapid and is essentially regular but slight irregularities can 
be detected ; second, the quality of the first heart sound varies in some of the 
cycles; third, attempts at vagal or ocular pressure prove ineffective in slow- 
ing the tachycardia. Final positive evidence of ventricular tachycardia, how- , 
ever, requires electrocardiographic studies. In our second case (Fig. 5), one 
episode of tachycardia was auriciilar in origin ; however, the subjective mani- ; 
festations were no different than in those attacks of ventricular tachycardia. - , 
The first electrocardiographic tracings on a case of ventricular tachycardia 
followed by ventricular fibrillation occurred in an 80-year-old woman aridwas 
reported by Eeid.® Paroxj^sms of ventricular tachycardia are believed to origi- 
nate either in the bundle branch tissue or in the muscle of the ventricle. They 
are characterized, according to Pardee,^® by typical wide, notched QRS com- 
plexes followed by T waves directed opposite to the cMef deflection of the 
QES group. The P waves maj^ be entirely lost in the large excursion.s' of the 
ventricular waves, as in our tracings, or the P waves may be discerned occur- 
ring in a slower independent rhythm. ■: ’ 

, . The intravenous administration of quinidine lactate is not going to be 
applicable universally in the treatment of ventricular tachycardia. Our flrst 
case, a 52-year-old ivhite man, who had at least two and possibly three at- • 
tacks of coronary occlusion, experienced eight attacks of ventricular tachy- 
cardia proved by electrocardiographic tracings, and each of them was suc- 
cessfully treated Avith the intravenous administration of quinidine lactate. In 
the second case, on the other hand, the intravenous administration of quinidine 
lactate failed to stop any of this patient’s attacks of paroxysmal ventricular 
tachycardia. The tachycardia responded to the intravenous administration of 
lanatqside C on one occasion, but further studies were not obtained because 
the .patient left the hospital. Prophylactically, the recurrence of the attacks 
was prcA^ented in the fii'st patient by the oral administration of 30 grains of 
quinidine sulfate daily. In the second case, on the other hand, recurrences of 
the attacks continued even with the oral administration of 54 grains of quini- 
dine sulfate daily. 


According to Goodman and Gilman,^^ quinidine acts on the heart by in- 
creasuig the absolute refractory period often as much as 50 to 100 per cent, 
decreasing the myocardial excitability, and slowing the conduction of impulses 
in the heart muscle. Drury, Horsfall, and Munly’^^ found that quinidine has 
the same effect on A’-entricular muscle that it has on the muscles of the auricle. 
In Levy mid Leivis’^-^- experiments on eats, it was found that qtiinidine raised 
the thresliold current for ventricular fibrillation; likewise, the same results 
were obtained on dogs by Drury, Horsfall, and ]\limly.^= Levine and Fulton^® 
believe that quinidine not only breaks up the abnormal rhythm but may 
prevent its return when the condition has a tendency to recur in paroxysms. 

-Toxie» reactions, to quinidine are fairly common. Everyone is familiar 
with eiiichonism and its accompanying gastroenteric symptoms, tinnitus and 
mipaired vision, Idiosyncrasies to the, drug iii the form of respiratory dis 
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tress (occasionally with temporary cessation of respiration), cyanosis, dizzi- 
ness, nausea, vomiting, and cold sweats occur. The various embolic phenomena 
that occur with a sudden reversion to a normal mechanism after months of 
auricular fibrillation, serves as a contraindication to its usage in that con- 
dition, but not so to its administration in ventricular tachycardia. Occasion- 
ally ventricular standstill, due to the depressant action on the sinoauricular 
or auriculoventrieular nodes, is encountered, and this may be fatal. Death 
from ventricular fibrillation after quinidine occurs more commonly than is 
stated.^^ 

The administration of quinidine in anticipation of the development of an 
attack of ventricular tachycardia may prevent it. Scott, ^ in 1922, first demon- 
strated this effect of quinidine in preventing as well as stopping paroxysms 
of ventricular tachycardia. His patient was a 39-year-old woman Avithout 
evidence of organic heart disease. Initially, her attacks were stopped on 0.4 
Gm. of quinidine sulfate administered orally three times daily ; later she was 
maintained on 0.2 Gm. daily Avithout recurrence of the attacks. He had also 
tried digitalis, epinephrine, and glyceryl trinitrate A\dthout success in stopping 
the tachycardia. 

Quinidine has been used prophylactically in the prevention of paroxysmal 
A’-entricular tachycardia as well as in the treatment of it. Test doses of 3 grains 
of quinidine sulfate should be giA’-en, and during the ensuing tAventy-four hours 
the individual should be observed for any untoAAmrd reactions, especially those 
occurring Avith idiosyncrasy reactions. If these occur, the drug should not he 
employed. If no reactions occur*, howeAmr, it is probably safe to administer 
the drug in the usual doses. As prophylaxis against ventricular tachycardia, 
3-grain doses of quinidine sulfate four times daily have been employed. Larger 
doses may be required, and in some eases it has been necessary to administer 
as much as 60 grains daily. The first case Avas adequately controlled Avithout 
recurrences of A’-entricular tachycardia on 30-grain doses of quinidine sulfate 
daily. No toxic symptoms resulted from the administration of the 54-graiu 
doses of quinidine sulfate daily in the second case although it failed to prevent 
the recurrence of the ventricular tachycardia. 

The earliest electrocardiographic change in a patient receiAung oral quini- 
dine sulfate is a prolongation of the, QRS interval. In one of Gold’s'® patients, 
recemng a dose of 50 to 60 grains of quinidine sulfate daily, the QRS inteiwal 
AA’hich was originally 0.12 second later became prolonged to 0.16 second and if 
never Avent aboA-e this: in none of our tracings did the QRS interA-al become 
longer than 0.10 second. There is seldom a prolongation of the QRS interval 
over 0.12 second unless the patient is receivijig more than 30 grains of quini- 
dine daily. The cumulation of quinidine ceases in a A’ery fcAv days Avifh a fixed 
dose and usually after the fifth day the quinidine level reaches its maximum. 

The oral administration of quinidine may not control the A'cntricular 
tachycardia, and quinidine may haA’-c to be administered intraA*enously as a 
lifesaAdng procedure. The patient usxtally reacts quite violently to the intra- 
A’-enous administration. In our eases it Avas not uncommon for the patient to 
feel excessively Avarm, to haA^e a profuse diaphoresis Avith a cold, clammy skin, 
and often rather seAmre nausea and vomiting. In Case 1 a generalized convul- 
sion occurred concomitantly Avith the absence of audible heart sounds. Selnvartz 
and Jezer'" noted that, AAuth the intrav’-enous administration of either quinine 
dihidrochloride or quinidine sulfate, either a prefibrillation mechanism or 
transient periods of ventricular fibrillation frequently developed. In their e.x- 
perience, once the prefibrillation mechanism AA’as precipitated by the adminis- 
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tratioii'of drugs, recurrent periods of transient ventricular fibrillation some- 
times followed for several hours. They found also that there was a more 
rapid appearance of ventricular fibrillation when ventricular premature beats 
were already present. They, therefore, thought that the usage of qui^e and 
its derivatives was definitely contraindicated for intravenous administration. 
I have used a preparation of quinidine lactate intravenously in doses varying 
from 5 to 20 grains. Although moderately severe subjective s^ptoms were 
obtained, the ultimate goal of relieving the ventricular tachycardia was reached 
in manj' instances, and in none of them did death occur. Perhaps failure to get 
I'esponse to the quinidine either orally or intravenously in the second ease was 
due to the possibility that the origin of the tachycardia was a circus movement 
about the base of the aorta, perhaps giving a ventricular type of electrocardio- 
graphic tracing. On the one occssion in which lanatoside C was administered 
intravenously, a rather prompt restoration of the normal mechanism occurred. 
No explanation for this is given, but I have observed this phenomenon follow- 
ing the intravenous administration of lanatoside C in paroxj’-smal auricular 
tach 3 ^cardia in a j^oung child uncontrolled bj'' the methods for treating supra- 
ventricular tachycardia. 

summary 


Two cases of ventricular tachj'cardia treated by the intravenous adminis- 
' tration of quinidine lactate are reported. The possible etiological factors, diag- 
nostic difficulties, and electrocardiographic findings in ventricular tachycardia 
are presented. The oral and intravenous administration of quinidine are dis- 
cussed, also. 
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PEB]\IATUKE BEATS OF SINUS ORIGIN 

Electrocardiogbaphic Demonstration of a OLiNiCAii Case 

Arthur J. Geiger, M.D., and Jessamine R. Goerner, M.D. 

New Haven, Conn. 

P REMATURE cardiac systoles have been induced artificially and may 
theoretically arise physiologically from any portion of the auricles or 
ventricles, including the A-V node and bundle and, presumably, from the sino- 
auricular node, also. All varieties of premature beats, except the last, are 
usually readily recognized and demonstrated by ordinary electrocardiographic 
means. No illustrations of premature beats of sinus origin appear in any 
of the modern treatises on electrocardiography, and no proved clinical instance 
seems, thus far, to have been presented in the general medical literature.* 
Sinus premature beats may be defined eleetrocardiographieally as pre- 
mature systoles whose auricular and ventricular deflections in all leads are in- 
distinguishable from those characteristic of the basic sinus rhythm; moreover, 
the returning .cycle following a sinus premature S3^stole should be no longer 
than the initial cycle. Obviously, premature beats of sinus origin must he 
differentiated from sinus arrhj'thmia, from periodic sinoauricular block or 
auricular standstill, and from certain auricular premature beats; and the ae- 
■ ceptability of any case presented as one of sinus premature treats will depend 
upon how convincingly one ma.v be able to exclude these commoner and more 
familiar arrh.vthmias in a case which also meets the established criteria. 

The following clinical description concei’ns a patient who manifested an 
arrhythmia which we concluded, after particular stud.v, to be due to sinus 
premature beats. 

S. S., a 64r-year-old man, liad first entered the Nejv' Haven Hospital in September, 1942, 
with empyema in the left side of the chest; this was drained by a thoracotomy, and con- 
valescence "was uneventful. In April, 1944, he had' a large hematemesis. A history of 
dysphagia and progressive weakness dating back about sixteen months was obtained. 
More recently there had been moderate shortness of breath and slight .swelling of tho 
ankles. Examination revealed moderate cardiac enlargement, soft aortic and apical 
systolic murmuns, coupled rhythm with the radial pulse wave of the second beat in each 
couplet palpably -weaker than the first, slight dependent edema, and rales in small num- 
bers at each lung base. The blood pressure was normal (125/65) and there was no ascites 
or enlargement of the liver. A significant anemia (red blood cells, 3.7 million per cubic 
millimeter, hemoglobin, 9 Gm.) and hypoproteinemia (5.6 Gm. per cent) were found. 
Esophagoseopic examination and biop.sy disclosed cancer of the esophagus. After trans- 
fusion and .six days of rest in bed the edema and dyspnea subsided, the murmurs dis- 
appeared, but the coupled rhythm persisted -without apparent intermission throughout the 
patient’s staj'. Treatment was declined, and the patient was discharged after twelve days 
in the hospital. 

From the Department of Internal Medicine, Tale University School of Medicine, New 
Haven, Conn. 

Received for publication Jan. 31, 1945. 

*Sir Thomas Lewis' illustration of a sinus premature sj-stole on page 229 
Ills classical monograph. The iicchanism and Graphic Registraticm of the Heart Heat 
1925, Sliaw and Sons, ed. 3), shows a single premature beat In but one lead, the premature -r 
wave is, unfortunately, superimposed on the T wave of the preceding cycle, and the 
P waves in the tracing exhibit considerable variation in amplitude. It is difficult, unaer u 
circumstances, to accept the essential argument that the premature P wave in quesuon 
identical with the P waves of the regular cycles. 
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The electrocardiogi'am taken initially to analyze and identify the coupled 
rhythm is show in Fig. 1; the diagnosis of coupling due to sinus premature 
beats Avas ventured after completion of the special studies that follow. 

Our opinion that the coupled rhytlun manifested in the case described was 
due to regularly recurring premature beats of sinus origin was based upon (1) 
their conforming to the criteria for sinus premature beats, and (2) our ability 
to exclude the following arrhjdhmias wMch intrude on the differential diagnosis. 

Simple Avyliytlimia, of Sinus Ongin . — ^This may be defined as an Irregular 
succession of othenvise nomal cardiac cycles. Electrocardiographieally, normal 
auricular deflections are followed after normal A-V conduction times by ven- 
tricular complexes, but the successive cycles are unevenly spaced. Two varieties 
are generally recognized: (1) phasic sinus arrhj'thmia, which repeals itself in 
cyclic variations in rate whose periods are obviously related to respiration ; hold- 
ing the breath is generally believed to eliminate this arrhythmia; and (2) non- 
phasic sinus arrhythmia, in which a respiratory association may not ordinarily 
be evident but is usually made obvious through the exaggerated influence of 
deep breathing. 

Our case was remarkable in exhibiting coupled rlij-thm composed of ap- 
parently identical auricular and ventricular complexes ivith only an infrequent 
and unpredictable momentary interruption of the coupling by the occurrence 
of three cycles that were very nearly evenly spaced (indicated by brackets in 
Fig. 1, Lead II). Such persistent bigeminj^ is not a familiar expression of 
sinus arrhythmia. 

Phasic sinus arrhythmia seemed further excluded because no cyclic variation 
with respiratory correlation was evident even in strips recorded continuously for 
more than thirty seconds during normal respiration at a rate of 15 per minute. 
j\Iorcover, the length of the phases represented by the coupling of the beats 
Avas loo brief (1.62 seconds) to be correlated Avith the duration of the respira- 
tory cycles (AAdiich averaged about 4 seconds). Finally, the arrhythmia Avas not 
abolished by holding the breath (Fig. 1, Lead III) . 

Nonphasic sinus arrhythmia seemed excluded not only by the practically 
imA'arA*ing constancy of the time relations Avithin and betAveen the successive 
cycles of coupled beats, but also by the fact that deep breatliing abolished rather 
than exaggerated the arrhythmia during the first seA'eii seconds of the expiratoin^ 
phase (Fig. 2). Finally, acceleration of the heart rate by mild exertion failed 
to stop the arrhythmia, as is seen in Fig. 3b, AAdiich aaus recorded after several 
sit-ups in bed. jMcreoAmr, the coupling apparently persisted throughout tAvelve 
daA-s of hospitalization during AAliich the patient was alloAved full actmty on the 
Avard, and during Avhich he exhibited pulse rates A-arying from 60 to 90. On the 
ba.sis of tliis evidence urn consider sinus arrhythmia excluded from the differential 
diagnosis. 

Periodic Sinoauricular Block f Auricular Sfaudsfili;. —Failure of the sinus 
node to actiAmte the auricles, Avith resultant nonappearance of a P AA^ave, is 
usually regarded as due either to increased vagal tone inhibiting the sinoauricular 
node or depression of the normal pacemaker by drags, infections, or direct in- 
,1 luj. Theoretically, sinoauricular block recurring regularly fcUoAvino- tAvo 
normal cycles could produce coupled rhythm like that iUustrated. Another 
Jiypothetical situation involving sinoauricular block could be postulated if one 
assumed that the sinus node might be discharging at tAAice the rate (every 0.33 
second) represented by the short cycles (0.66 second) and that one sinus dis- 
charge within the short cycle is blocked. The long cycles Avould then pre- 



BT JOUIiKAL 























288 


A^yiERIGAK HEART JOURNAL 


sumably result from the blocking of two successive sinus discharges. The long 
cycles should, under these circumstances, be 0.99 second apart. Actual measure- 
ment of the P-R intervals of the long cycles in Pig. 3a and 4, which offers the 
advantage of amplified auricular deflections for precise measurement, does in fact 
>*ield almost exactly, but perhaps fortuitously, this predicted value (aetually 

0.96 second). Howmver, to accept the h 3 ^othesis as proved by tins argument 
it becomes necessary to accept a fundamental sinus discharge rate of 182 per 
minute as implied by the assumed cycle length of 0.33 second. It appeared 
hazardous to invoke two extraordinary disturbances in rhythm to explain the 
bigeminy in this case, particularly since the diagnosis of sinoauricular block, 
whether with or without the hypothetical tachycardia, seemed untenable from 
the following observations : 

1. - S-A block presents itself usually as isolated dropped beats occurring ir- 
regularly, or as more sustained periods of auricular standstill, and not as a 
regularly intermittent phenomenon "with the production of coupled rhythm. 

2. The usual toxic influences (digitalis, quinidine, infections) which produce 
S-A block were not present. 

3. Failure of the arrhythmia to be diminished or abolished by a “s>mi- 
pathicotonic” influence like exercise (Pig. 36) is atypical behavior for S-A block. 

4. The temporary abolition of the arrhythmia by a “vagotonic” influence 
like deep expiration follo^ving a full inspiration (Pig. 2) is contrary to the 
behavior of S-A block which should be intensified by such a maneuver. 

Sinoauricular block appeared excluded from the differential diagnosis by the 
considerations mentioned. 

Auncular Pfemature Systoles . — The fundamental electrocardiographic 
characteristics of this irregularity are a premature P wave that usually differs 
at least slightly in form from the subject’s normal or natural auricular deflec- 
tion, and a P-R interval at least 0.12 second long, and usually as long or longer 
than the average A-V conduction for the subject. The nearer the ectopic * 
auricular focus lies in relation to the sinus node, the closer may be the re- 
semblance of the auricular phenomena recorded electrocardiographically from 
the normal and the abnonnal focus. 

Careful inspection of the P waves and P-R intervals throughout each of the 
three standard limb leads (Fig. 1) reveals no detectable differences, hoAvever 
minor, in the course of any one lead. This implies that the auricular wave.s 
in each couplet have a common site of origin, and since the P waves throughout 
are of normal configuration, amplitude, and direction, the designation of a sinus 
origin for the pi’emature beats seems warranted. 

It must be acknowledged that, under circumstances of extreme adjacency 
of an ectopic auricular focus and the sinus node, the P waves resulting from 
auricular excitation in each instance (and their P-R intervals) may be remark- 
ably similar. However,’ minor changes in the appearance of the P waves may 
theoretically be expected, even ■when the site of the impulse formation is shifted 
within the sinus node; and it is conceivable that very slight differences may 
not be recorded by the peripheral limb leads of conventional electrocardiographic 
technique, which admittedly reproduces the auricular deflection relatively in- 
adequately as a small monophasic deflection instead of as a complex of two or 
more phases that are revealed by direct leads. 

In order, therefore, to investigate the details of the P waves and P-R inter- 
vals more precisely in our case and to verify their identity or reveal slight differ- 
ences, we obtained semidireet leads from the chest wall and then further amph- 
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fied the resulting eleetroeardiogram. Tliis was done by placing the arm lead 
electrodes in contact with the chest wall in the third and fifth intercostal spaces 
at the right margin of the sternum, and also in the third intercostal spaces at 
the right and left margins of the sternum. The right arm terminal and electrode 
in either placement occupied the upper or the right-sided position. Further ' 
amplification of the resulting augmented deflections was obtained by interposing 
a single-stage resistance-coupled amplifier, described previously, ^ in the lead 
line between the patient and the electrocardiograph.'* The auricular deflections 
so obtained were about fourteen times larger than those recorded by the limb 
leads and, as expected, they exhibited a more complex and diphasic character 
permitting more detailed study (Figs. 3 and 4). 

Inspection of these amplified P waves again revealed a remarkable identity 
in form within each couplet. . Such minor differences as could occasionally be 
discovered were found to prevail also between the P wave contours of successive 
beats whether in the premature or normal position; they were probably slight 
artefacts resulting from the liigh amplification. Moreover, the P-E intenmls, 
which pennitted exceptionally precise measurement in the amplified records, 
also proved to be remarkably similar in differing only occasionally and by not 
more than 0.02 second throughout the records. Finally, to exclude the possi- 
bility that the premature cycle might arise from an extrasinus focus which 
happened to be exactly the same distance from the A-V node as the S-A node 
for the chosen (vertical) plane of the lead-off points, amplified electrocardio- 
grams were repeated for the opposite (horizontal) plane; these records also • 
verified the constancy of the A-V conduction time for the normal and prema- 
ture cycles and again revealed the identity of P-wave contour for the two 
auricular deflections in each couplet. 

These observations, fortified by the evidence obtained from' the amplified 
electrocardiograms, seem to establish that the premature beats arose ■within 
the sinus node, and that their precise point of origin was identical with the site 
of the normal pacemaker in this ease. 

COMMENT 

The cause of the sinus premature beats in our case was not evident. The 
patient was not critically ill, his nutritional state ■was good, and the only objec- 
tive finding of jDossible cardiovascular interest ■was transient edema of the 
ankles and a moderate anemia. The alle^viation of the anemia ■with two trans- 
fusions, ■ndiich restored the hemoglobin level to 12 Gm. (78 per cent), did not 
apparently affect the arrhythmia. The only medications included moderate doses 
of aspirin for five days, and an almost nightly soporific of pentobarbital (0.1 
Gm.), a single dose of morphine (0.01 Gm.) in preparation for esophagoscopic 
examination, and moderate daily doses of thiamine and of vitamin B complex 
(brewers’ yeast). None of tliese medications could conceivably have induced 
the constant arrhythmia. Prom bronchoscopic and roentgenographic examina- 
tions there was no evidence that the esophageal cancer had infiltrated the 
mediastinum, there was no clinical indication of pericardial effusion, and there 
was no deformity of the contour of the heart in the roentgenograms to suggest 
invasion by cancer. 

SUMMARY 

An elderly man ■with cancer of the esophagus presented coupled rhjfflun ap- 
parently continuously during t^welve days of observation, and eleetroeardio- 


♦"Cardlette," Sanborn Company. 
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graphic study employing auricular amplification techniques led to the diagnosis 
of regularly recurring premature beats of sinus origin. To our knowledge, this 
is the first convincing demonstration of sinus premature beats occurring 
clinically. The cause for the arrhythmia was not apparent. 
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INCOlvIPLETE HEAE-T BLOCK PBODUOED BY CHANGES IN POSTURE 

Captain Joseph H. Holmes, M.C., and klAJOR David R, Weill, Jr., M.C. 

Army op the- United States 

T he relation of second degree heart block to posture was brought to our 
attention by the first of our cases listed below. Shortly afterward a case of 
first degree heart block was noted in routine examination, and when studied the 
P-R interval was found to vai'y with posture. In both of these cases heart block 
was abolished when the subject assumed the upright position. A third case, one 
of first degree heart block in which the block was not influenced to a major 
degree by posture, is included for comparison. 

Review of the literature has revealed one case reported by Alexander and , 
Bauerlein^ in which heart block was obseiwed in the supine position and disap- 
peared in the standing position, PoeP reported a case of first degree heart block 
which showed variations of P-R interval -with posture, PoeP also cites three 
cases of vagal effect on incomplete heart block from thediterature, but the effects 
of posture were not given. 


REPORT OP CASES 

Case 1. — The patient was a white man, aged 22 years. During routine altitude indoc- 
trination on May 5, 1944, in a low-pressure chamber this man suffered “bends” at a simu- 
lated altitude of 30,000 feet. During descent to gj-ound level the subject was in a sitting 
position, and the character of the pulse was weak, rhythmic, and regular. Upon reaching 
ground level he nas transfen ed to a bed and placed in the supine position. When examined in 
this position the pulse exhibited weakness, arrhythmia, and irregularity in that there was a 
dropping of every third to fourth heat. The pulse rate at that time was 78 per minute. The 
blood pressure was 130/76. After an hour of rest in bed and the administration of oxygen at 
the rate of 0 liters per minute the subject was allowed to stand. Since the pulse was rhythmic ' 
and regular, and the blood piessure avus 122/70 while he was in the standing position, the 
soldier was considered free from any ill effects of aero-embolism and was therefore returned 
to duty. Three days later a reehcck of simulated altitude flight was made. Again the soldier 
suffered from “bends” at 30,000 feet and was brought quickly to ground level. Examination 
on descent in the escape-lock shorved tlie pulse to be rhythmic and regular (rate, 72 per 
minute), but on placing the subject in the supine position irregularity of the pulse with 
dropped beats was noted. An electrocardiogram was made in the supine position at that 
time (Fig. 1), After an hour of rest in bed and oxygen therapy the patient was permitted 
to stand, and the pulse was noted to have lost its irregularity and arrhythmia. In the 
absence of any other cardiac symptom or sign it was suspected that the above irregularity 
was on a postural basis. This was confirmed when it was found that the irregularity could 
bo reproduced at will by placing the subject in the supine position and that on standing 
or sitting the pulse again became regular. The soldier was discharged to duty but 
ordered to return daily so that he could be observed. During each visit the eleetrocardio- 
tracings were repeated in the supine, sitting, and standing positions (Fig. 2). 

Received for publication Feb. 19, 1945. 
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Past Medical History. — The patient liad had the usual cliildhood diseases. There was no 
history of rheumatic fever, scarlet fever, or diphtheria. Tonsillectomy and adenoidectomy 
tvere performed at the age of 6 years. Practure of the nose had occurred at the age of 8 
years, \vith plastic operation on same at the age of 20. At the age of 15 years he vas struck 
in the left eye with a potato forkj this resulted in loss of vision in the eye without loss of 
the globe. At the age of 17 years he sustained “steering-wheel” compression of the chest, 
but no fracture of the ribs or sternum. Family and marital histories were negative. Sys- 
tem history was negative. 





Fig-. 1. — Electrocardiographic tracing of Case 1 made in supine position tliirty 
after descent from simulated altitude of 30.000 feet in low' presure chamber (May 8, 
showing Wenckebach phenomenon. (Photo by U. S. Army Air Forces, Flying Training com- 
mand, Buckingham Army Air Field, Fort Myers, Florida.) 


Physical Examination. — ^Height, 72% inches; weight, 173 pounds; head, negative; ears, 
negative; eyes, O. D, 20/20, O, S. 20/800, pupils equal, O. D. reacted to light and in accom- 
modation, O. S. sluggish to light, extraoeular movements normal; nose, negative; mouth, teeth 
in fair condition; chest, lungs clear; heart, not enlarged, sounds of good quality, no murmurs; 
abdomen, negative; extremities, negative; neurological examination, negative. Laboratorj 
examination; Kalm, negative; urinalysis, negative; x-ray of chest including fluoroscopy of 
the heart in the supine and upright positions and examination of the esophagus and cardiac 
shadow with the aid of contrast media revealed no gross abnormality. No true intrinsic 
lesion or intraluminal lesion of the esophagjis could be observed. The cardiac silhouette 
appeared rather globular, but was considered to be within normal limits. No evidence of 
chamber enlargement could be discerned. 

Electrocardiographic Examinations. — The first tracings, taken in the supine posihon 
(Pig. 1), show an auricular rate of 75 and a ventricular rate of 54. The P-E interval increases 
progressively from 0.16 to 0.36 second, and is followed by- a P wave without a ventricular 
complex. The next ventricular complex is of abnormal contour. In some phases it le 
preceded by a P-E interval of less than 0.12 second, or the P wave may be superimposed 
on the QES complex (lower nodal rhythm). Three days later tracings were made in various 
positions with the results as follows (Fig. 2): Standing position (Fig. 2, A), normal electro- 
cardiogram with auricular and ventricular rates of 79 and P-E interval of 0.20 second. 
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Immediately flpoa aesumiBg' the eapine piitioa (Kg, 2, there is a (rjnsitida from the 
normal electrocardiogram to one, exhibiting Wenckebach phenomenon Threfetrocariho- 
gram taken after a period of time in the snpine position (Fig. 2, C), shon's .Wenckebach 
phenomenon nith ventricular escape. The P-E interval progresses from 0.16 to 0.3G second. . 
Some of tlie complexes of Tentricular escape show superimposed P waves, similar to tliose 

‘seen in Fig. 1.' - ; , - ' 

Tracings made in the sitting position were similar to those 'made in the standing 

position. In both the supine' and standing positions, carotid sinus pressure and eyeball 
pressure had no effect. Tracings made on the stomach, back, and either side were identical. ■ 
Sleep did not abolish the Wenckebach phenomenon. All the above studies were repeated 
fourteen and eighty-three days later, and the results were identical. Further electrocar^o- 
graphic studies were made under 3/^o grain of atropine, given subcutaneously, on Aug. 31, 
1944. The drug completely abolished the increased P-E interval and the 'Wenckebach 
phenomenon. The P-E interval was 0.16 second, and the heart rate 100 per minute. The 
effect of exerci.'se was studied' and was found to be dependent upon the degree of exertion.- 
Immediately following exercise the subject was placed in the supine position and tracings 
w'cre made. ' The increased P-E interval and Wenckebach phenomenon were unaffected 
■by mild exercise, but abolished by vigorous exercise. , ‘ 



T’JS'*_2. — Electrocardlogi-aphic record of Case" 1 showing tracing made Aj in standing 
position, R, on ^suining supine position, and O, after a period of time in supine position. 
B tmd O show Wenckebach phenomenon, and C also sho-ws ventricular escape. (Photo by 
Forces, Flying Training Command, Buckingham Army Air Field, Fort Myers,' 
Florida.) ■ r 


Case 2. — ^The patient was a white man, aged 22 years. During routine electrocardio- 
graphic study for duty as inside observer in an altitude chamber, it was noted that this 
man exhibited a P-E interval of 0.40 second. Questioning revealed no symptoms referable 
to the cardiovascular system, and in supervised exercise he was equal to other members 
of Ins unit. Because of the, interest aroused by the previous case (Case 1) similar studies 
wore carried out on this man. ■ - ■ 

^ Fast Medical Eistory.~The past medical history was essentially negative except for ■ 
childhood diseases, appendectomy, tonsillectomy, and adenoidectomy. Marital and ’family 
histories were not contributor^'. , y ' ■ 


pounds; head, negative; eyes, 

0/..0 vision bilaterally, pupils equal, react to Kght and in accommodation, extra-ocular move- 
ments normal; ears, normal, hearing 20/20 -bilaterally; nose, normal; .teeth, fair- naso- 
’ tonsils,- enucleated; lungs, clear; heart, not enlarged, sounds of good 
q lity, no murmurs, pulse 72 per mmute, blood' pressure- 118/76; abdomen, negative- eenito- 
unnary sy-, cm, negative; extremities,- negative; neurological examination, negative. ^Labora- 
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tory examination: Kalin, negative; urinalysis, _ negative ; blood counts within normal limits; 
Special radiological examination shoiVed the cardiac silhouette within normal limits and no 
abnormalities of the mediastinum and' esophagus. 

Electrocardiographic Examination. — The first tracings tahen in the supine position (Fig. 

3, A), show an auricular rate of 79 and a ventricular rate of 79. The P-E interval is 0.40 
second. Records taken in the supine position immediately after exercise 3, G) (two-step - 
exercise of Masters and Oppenheimer^), showed a heart rate of 75 and P-R interval of 0.19, 
second. With the subject in the supine position, pressure was applied to the right carotid 
sinus. The tracing (Fig. 3, D) showed the heart rate to slow from 75 to 62 and the P-E 
interval to decrease from 0.37 to 0.17 second. Similar changes were exhibited by eyeball 
pressure. Observations made in the supine position after atropine (%o grain subcutaneously) 
showed a decrease of the P-R interval to 0.20 to 0.21 second in all records where there was 
an increased cardiac rate. 

Tracings made in the sitting position were similar to those made in the standing 
position, and showed a normal P-R interval of 0.16 second (Pig. 3, B). Tracings made while ; 
on the stomach, on either side, or supine were identical. All studies were repealed over a 
period of twenty days. 




i-EAD I LEAD n L( AO ai 

AFTER EXCERCISE 



Fip. 3. — Electrocardiographic tracings of Case 2, showing A, prolonged P-R >oterval in 
Supine position, R, normal P-R interval in standing position, C, normal P-R interval in ®npinL 
position immediately after exercise, and D, decrease of P-R interval following right , 

sinus pressure as noted in last two cardiac cycles, (Photo by U, S. Army Air Forces, Fiyins 
Training Command, Buckingham Army Air Field, Fort Myers, Florida.) 

Case 3. — The patient was a white man, aged 27 years. During routine electrocardio- 
grapluc study for duty as inside observer in an altitude chamber on Sept. 4, 1943, it "'as 
noted that this man exhibited a P-R interval of 0.40 second. Questioning revealed no symP" 
toms referable to the cardiovascular system, and, like the preceding cases, his exercise 
tolerance showed him equal to other members of his unit. Because of the interest aroused 
by the preceding cases this man was re-examined and studied in a similar manner. 

Past Medical History. — ^He had had the usual childhood diseases including diphtheria ^ 
and scarlet fever. There was no history of rheumatic fever. Tonsillectomy and adenoidcc- 
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iomy had been performed when he was 5 years old. He had suffered a fractured, nose in 
1930. Family and marital histories were not contributory. 

Physical Examiaotton.— Height, 70 inches; weight, 152 pounds; head, negative; eyes, 
vision 20/20 bilaterally, pupils equal and react to light and in accommodation; ears, nega- 
tive, hearing 20/20 bilaterally; nose, normal; teeth, fair; lungs, clear; heart, not enlarged, 
sounds of good quality, no murmurs,- pulse 64 per minute, blood pressure 108/58;? abdomen, 
negative; genitourinary system, negative; extremities, negative; neurological examination, 
negative. Laboratory examination: Kahn, negative; urinalysis, negative; blood counts 
within normal liratis. Eadiological examination showed tlie heart normal in size and shape 
and the mediastinum and esophagus within normal limits. , \ 

Electrocardiographic Examination . — Tracings (Fig. A) taken in the supine position 
•on Aug. 24, 1944, show a heart rate of 62 and a P-E interval of 0.36 second. -The P waves 
and QRS complexes arc normal. There is a sliglit elevation of the S-S-T^ segment. Tracings 
made in the standing position show a rate of 81 per minute and the P-E interval is 0.28 second 
(Fig. 4, B). The S-S-T, segment is slightly elevated and the T^ is diphasic. A tracing made 
after performance of the two-step exercise of Masters and Oppenheimera sJiows a P-E interval 
of 0.28 second. A tracing made after right carotid sinus pressure shows a heart rate of 36 per 
minute (control rate, 62 per minute), and the P-E interval changed from 0.36 second to 0.28 
second (Fig. 4, C). ' In no tracing in this study were there any dropped beats. A tracing made 
in the supine position after the administration of atropine (J/io grain subcutaneously) showed 
'reduction of the P-E interval from 0.36 to 0.28 second and a heart rate of 79 (control 
rate, 68). 





Army Air Field. Fort Myers, Flori^^ ^ Forces, Flying Training Command, Buckingham 


DISCUSSION 

The important features of these cases are listed in Table I. In all thre( 

Tin ctri Tb the P-R interval in the supine position 

(In Oase 1, the P-R interval increased progressively from 0.16 to 0.36 second 



296 


AMERICAN HEART JOURNAL 


Table I. A Comparative Study of Changes in P-E Interval in the Three Cases Eeported 


1 

CASE 1 

CASE 2 

case 3 

AGE (YRS.) 

22 

22 

27 

SUPINE 

Heart rate : auricu- 
lar, 75; ventricu- 
lar, 54. Progres- 
sively increasing • 
P-R interval, 0.16 
to 0.36 second 

Heart rate, 79. P-R 
interval, 0.36 to 

0.40 second 

Heart rate, 62. P-E 
interval 0.36 sec- 
ond 

STANDING 

Heart rate: auricu- 

Heart jrate, 79. P-R 

Heart rate, 81. P-R 


lar, 79; ventricu- 
lar, 79. P-R inter- 
val, 0.20 second 

interval 0.16 second 

interval 0.28 sec- 
ond 

WENCKEBACH 

Present 

Not present 

Not present 

PHENOJIENON 

WHEN 

SUPINE 



' 

ATROPINE 

Heart rate: auricu- 

Heart rate, 100. P-R 

Heart rate, 79. P-R 

(SUPINE 

lar, 100; ventricu- 

interval, 0.20 to 

interval 0.28 sec- 

POiSITION) 

lar, 100. P-R in- 
terval, 0.16 second 

0.21 second 

ond 

CAROTID 

(RIGHT) 

SINUS PRESSURE 

No change 

Heart rate, 62. P-R 
interval 0.17 sec- 
ond 

Heart rate, 36. P-R 
interval 0.28 sec- 
ond ^ 

(SUPINE 

POSITION) 




EYEBALL 

PRESSURE 

(SUPINE 

No change 

1 

Heart rate, 62. P-R 
interval 0.17 sec- 
ond 

No change 

POSITION) 



Heart rate, 80. P-R 

TWO-STEP 

Heart rate, 71. P-R 

Heart rate, 75. P-R 

EXERCISE 

interval, 0.16 sec- 

interval 0.19 sec- 

interval 0.28 sec- 

(SUPINE 

ond 

ond 

ond 

POSITION) 





•ftith 'Wenckeback' phenomenon; in Case 2, the P-R interval was 0.36 to 0.40 
second ; and in Case 3, the P-R interval was 0.36 second.) On standing the P-R 
interval of the first two cases returned to normal limits Avhile the third dropped 
to 0.28 second. 

The characteristic sequence of lengthening of A-V conduction time with 
eventual dropping of a ventricular beat was first described by Wenckebach. 
This phenomenon was noted in only one of our cases. (In Case 1 the P-R mter- 
val increased progressively from 0.16 to 0.36 second, Avith dropping of ventncu- 
lar beat.) 

In order to evaluate the vagal influence in these cases, atropinization (%o 
grain subcutaneously) was done. In the first tAvo cases the prolonged P-R inter- 
vals were restored to normal limits (Case 1, P-R interval 0.16 second; Case 2. 
P-R interval 0.20 to 0.21 second). In the third case the P-R interval did not 
return to normal limits (Case 3, P-R interval 0.28 second). However, one must 
view with caution the concept that positional change followed by a decrease 
in P-R interval is completely one of variations in A'agal influence. The records 
show that the reduction of P-R interval Avith change in posture can occur with- 
out change in rate. 

Studies AA'ere made on the effect of right carotid sinus and eyeball pres- 
sure. In Case 2 the P-R interval changed from 0.37 to 0.17 second ; in Case 3 
the P-R intei'val dropped from 0.34 to 0.28 second. There Avas no change in 
Case 1. 

The subjects Avere exercised according to the tAvo-step exercise of Masters 
and Oppenheimer immediately afterA\mrd they AA^ere placed in the supine 
' position, and electrocardiographic tracings AA'cre made. In Cases 1 and 2 the 
P-R interval Avas within normal limits (Case 1, P-R interval 0.16 second; Case 
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2 P-R interval 0.19 second). Exercise of, a lesser degree than the ‘Hwo-slep 
exercise” in Case 1 showed no effect on the Wenckebach phenomenon. In 
Case 3 the P-R interval decreased from 0.36 to 0.28 second. 

Our three cases have been those of healthy adult males, able to carry on 
full military actmty, and free of any cardiac symptoms. Their discovery was 
on routine basis. In Case 3 the finding of first-degree heart block was apparent 
in any position. However, in the other two eases, physical ^and eleeti’ocardio- 
* graphic studies done in the sitting or standing positions would have been nega- 
tive, whereas in the .supine position both showed positive electrocardiographic 
findings, and one showed a physical sign. Our experience with these two sub- 
jects suggests that, for proper evaluation, all cases of first and second degree 
iieart block should be examined in both the upright and supine positions. 

In consideration of the data in Case 3 it is our opinion that, in this in- 
stance, the physiologic lower limit of A-V conduction time is 0.28 second. This 
conclusion is based on our finding that atropinization, carotid sinus and eyeball 
pressure, exercise, and standing will not reduce the P-R interval below 0.28 
second. In Cases 1 and 2. A-V conduction time can be lowered to within 
normal limits by standing, by atropinization, by exercise and, in Case 2, by 
carotid sinus and eyeball pressure. Evidence from these two eases suggests 
that the P-R interval can have a wide physiologic range. 

Data from three somewhat similar eases reported in the literature are 
.summarized in Table II. It will be noted that Alexandei' and Bauerlein^ 
thought their case to be one of early heart block of organic etiology whereas 
the other two cases were in organically sound hearts. In only two of the 
eases was the postural effect on the P-R interval studied, and in both there was 
a decrease similar to that in our Case 3, but it did not return to normal limits 
as in our Cases 1 and 2. After exercise and in a supine position two of the 
cases showed a P-R interval within normal limits while the third showed 
Wenckebach phenomenon with prolonged P-R interval. Atropine was given 
in only two cases and in both instances abolished tlie A-V block. 


TABI.E II. A COJIPARATIVE STUDY OF CHANGES IN P-E INTERVAL IN THE THREE CASES > 

Eeported in the Literature 



POEL2 


ALEXANDER AND 


LEVY5 

BAUERLEINl 

AGE (YRS.) 

15 

14 

64 

SUPINE 

Heart rate, 81. P-3? 

Heart rate, 86. Con- 

Heart rate: aurieu- 


interval 0.30 sec- 

trol P-R interval 

lar, 62,* ventricular. 


ond 

0.26 second, Posi- 

35,5. P-R intervals 

STANDING 


tion not given 

increasing progres- 
sirelj’ from 0.2 to 
0.4 second 

Heart rate, 74. P-3? 


Heart rate ; aurieu- 


interval 0.30 sec- 
ond 


lar, 71 j ventricular, 
71. P-R interval 

WENCKEBACH 

PHENOMENON 

Absent 

Present 

0.28 second 

Present 

.«i.TROPINE 

. 1 

Not given 

A-V block aboli.shed 

Heart rate : aurieu- 




lar, 80; ventridular, 
80. P-R interval 

CAROTID SINUS 


Not given 

0.24 second 

pressure 


Not given 

eyeball 

1 ^ 



PRESSURE 

i 



EXERCISE 

1 Heart rate, 90. P-R 
interval 0.18 sec- 
ond 

Heart rate, 86. P-R 
interval 0.18 sec- 
ond ^ 

Heart rate ; auricu- 
lar, 80; ventricular, 
75. P-R interval 
0.22 to 0.32 second 
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SUMMARY 

1. Two cases are presented to show that first and second degree heart Wock 
can be produced by change in posture from the upright to the supine. 

2. The^ data show that in two of our cases a decrease of P-R interval will 
occur with change in posture hut without a concomitant change in rate 
(Table I). 

3. The effects of atropine, exercise, and carotid sinus and eyeball pressure 
liave been studied in these cases. 

' 4. A review of the literature and comparison wth our eases has been made. 
5. It is suggested that all cases of incomplete heart block be studied for 
postural evaluation. 
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UNUSUAL PEIMARY LEIOIVIYOSAECOMA OF THE HEART 

]\tAJOR Burt Friedaiak, IMajor Ernest E. Simard, M.C., and 
Major Irving Schwartz, jH.C., Arjiy op the United. States 

P RIMARYTiimor of the heart is rare. The following case is reported not only 
because of its interest as a case of leiomyosarcoma primary in the heart, but 
also for the reason that we feel the many observations and recordings contained 
within this protocol null be of value to clinicians in making a differential 
diagnosis between tumor of the heart and ventricular aneurysm following myo- 
cardial infarction. This case was erroneously diagnosed clinically as the latter. 
We were fortunate enough to have been given the opportunity of following this 
patient from a point very early in the course of his disease to the autopsy table, 
a period of approximately four and one-half months. 

CASE REPORT 

The patient, a 34-year-old white man, was first admitted to tlie Station Ho.spital, Fort 
Ord, California, on April 16, 1943, complaining of sharp, stabbing pain in the left upper 
abdomen; this pain was of approximately four weeks' duration. His general appearance 
at tlus time was good, although he was admitted to the ward in a wheel chair. 

His past and family histories were irrelevant. In his personal history he admitted to 
the moderate use of tobacco. 

• His present illness began on March 20, 1943, while the soldier was on a scheduled 2o-mile 
hike. After completing about 5 miles of the hike he was overtaken by a “choking up” 
sensation and had to fall out. He had no actual substernal pain but experienced a sensation 
as if he had “run a great distance,” 

For three days following, his temperature was 100'’ F., and on March 24, 1943, he was 
admitted to the Station Hospital, Camp McQuaide, California,. where a diagnosis of pericarditis 
was made. A pericardial friction rub was heard at the time of admission and persisted for 
a period of ten days. Admission laboratory data at Camp McQuaide consisted of the follow- 
ing: red blood cells, 4,230,000; wliite blood cells, 14,800, with a normal differential; and 
hemoglobin, 70 per cent. Temperature returned to normal the day following admission to 
Gamp McQuaide Hospital and remained normal thereafter. A chest roentgenogram taken 
April 8, 1943, revealed an enlarged left ventricle (Fig. 1, A and B). The white blood cell 
count at that time was 9,500, with a normal difCerential ; red blood cell count, 4, 850,000; and 
hemoglobin, 14.5 grams. His urine was normal; sedimentation rate was 19 mm, in one hour. 

He was transferred to the Station Ho.spital, Fort Ord. California, on April 16, 1943. He 
was seen hy the cardiologist who made an admitting provisional diagnosis of pericarditis subse- 
quent to an acute arteritis with myocardial infarction. The electrocardiogram' at the time 
of admission showed evidence of pericarditis with a possible myocardial infarction (Fig, 2). 
Physical examination at the time of admission was negative except as related to the heart. 
The point of maximum intensity of the cardiac beat was in tlie fifth intercostal space 
just lateral to the nipple line. Heart .sounds were of fair quality; no murmurs or friction rub 
was heard. The pulse rate was 80 per minute, and the blood pressure was 130/70. Initial 
treatment consisted largely of rest in bed. 

Because of enlargement of the left ventricle noted on the roentgenograph of tlie chest 
taken April 8, 1943, fluoroscopic examination was done several days following admission to 
this hospital which revealed the enlargement of the heart to involve only the apical portion 
of the left ventricle. Pnlsations were normal in all portions of the heart e.veept in this 
region where they were seen to be extremely weak. 
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' fey May 1,' 1943, the sedimentatioii rate had returned to. normal, ^and he 'was relatively 
asymptomatic. ’ Despite repeated ’ electrocardiograms, showing . evidence of persistent .myo- 
cardial damage, the patient progressed in a relatively asymptomatic manner. ' A’ roentgeno- 
graph of the chest taken .May 8, 1943, showed' further 'enlargement of the left ventricle • 
(Fig. ‘3).. Eepeat fluoroscopic study revealed very, feeble pulsations of the entire. loft .ven- 
tricle; this observation was corroborated by kjmographic tracings. He was still asymptomatic 
but -spent most of the time in bed or walking about the.w'ard. ■ , ' 


/A’. 


Fig. 1. — A, Posteroanterlor 6-foot roentgenogram of the chest taken April 8, 1943,, show- 
ing moderate enlargement of the left ventricle. B, Left anterior oblique 6-foot , projectloil of 
the chest taken April 8. 1943, showing enlargement of heart to be confined to the region of the 
left ventricle. 


• j .- ' 
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Fig. 2 . — Electrocardiogram taken April 16, 1943, showing negativity of T waves In all 
leads with slight slurring of Rj. No RS-T elevation or depression but slight : coving 
Lead IV standard IVF. . ' ‘ i 

Fig. 3. — Posteroanterlor 6-foot roentgenogram of the chest taken May .8, 1943, . 

further enlargement of the left ventricle with the cardiac shadow beginning to. show the so- 
called- "boot shape." ■ ' - ' ' , ■ : 
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On June i, 194:3, Ms Tenous pressure was Jetermined as 9 cm. (normal 3 to 8 cm.), tind 
his circulation time was 17 seconds (normal 35 to 18 seconds). 

On June 9, 1943, he first noted the appearance of orthopnea at nighttime which 
required the use of an extra pillow for comfortable sleeping. At tMs time there was noted 
a short, sharp, harsh, systolic, aortic murmur. The heart rate at this time was 100, . The lungs 
were clear to auscultation, but a mild cardiac decompensation was apparent clinically. The 
heart murmurs %vere interpreted as being functional in nature and due to cardiac dilatation. 
' Eoentgenographs of the chest on this date revealed further enlargement of the heart, 
the left border of -which reached the lateral chest wall; the total transverse diameter now 
measured 39.9 cm. (Fig. 4). The cardiac murmur persisted, and the pulse rate now reached 



4.— Posteroanterior G-foot roentgenogram of the chest taken June 9, 1943, showing 
still furtlier enlargement of the left ventricle area, the left border of the heart touching the 
lateral wall of the thorax. Also there is beginning enlargement towards the right. 



Pig- 5*- 


even greater eniargemi^^of^t^e ^eart chest taken July 6, 1943, showli 

heart has assumed the "boot displaced slightly towa 
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108 beats per minute. His venous pressuie on June 12, 1943, was 13.5 cm., and liis circulation 
time bad increased to 31.2 seconds. 

By June 16, 1943, his cardiac decompensation was greater with' the presence of a 
moderate amount of dependent pitting edema. Digitalization was instituted following wluch ' < 
his pulse rate dropped to 84 beats per minute. His orthopnea, however, remained, and the 
total transverse diameter of the heart now increased to 20.6 centimeters. Soon following, it 
was noticed that he was beginning to have what appeared to be an icteric tinge to his sclerae, 
but an icterus index revealed only 7.5 units of bilirubin. 

By June 28, 1943,' his decompensation had improved somewhat, although his peripheral 
edema persisted, and he had but slight difficulty in breathing at nighttime. Blood counts 
at this time revealed his red blood cell count to be 3,820,000 and his hemoglobin to be 10.5 
Gm., as compared to an admission red blood cell count of 4,580,000 and a hemoglobin of 

14.5 grams. His urine, which on admission had been entirely normal, now contained 3 plus 
to 4 plus albumin, an occasional pus cell, and a few casts of all types. His general condition 
appeared w'orse. 

On July 5, 1943, radiographs of the chest revealed the left border of the heart to extend 
completely to the lateral wall of the chest with apparent displacement of the heart to the 
right, including the lower end of the trachea and right main bronchus (Pig. 5, A and B). 
There had also occurred some increase upward in the position of the left border of the 
heart so that its left upper border lay transversely, producing a so-called boot-shaped appear- 
ance of the heart. The total transverse diameter of the heart was 21.9 centimeters. Several 
days later his decompensation became severe with a marked pitting edema of both lower 
extiemities with a large amount of fluid in the peritoneal cavity. 

On July 2, 1943, his total serum proteins were found to be 6.5 Gm., with 4.1 Gm. of 
albumin and 2.4 Gm. of globulin per 100 cubic centimeters. 

With the use of diuretic drugs the patient excreted large amounts of fluid, but, despite 
thi.s, his edema failed to improve. 

Early in August his liver and spleen became quite tender and his icterus index rose 
to 159 units. 

His general condition rapidly became critical, and on Aug. 6, 1943, he was conscious only 
for short periods of time; he e.xpired on Aug. 7, 1943. The final clinical diagnosis wasL 
massive aneurysmal dilatation, left ventricle, probably on the basis of myocardial infarction, 
with subsequent myocardial failure. 

Autopsy Findings . — (For the sake of brevity only those findings considered to he 
significant are given.) Tire skin and sclerae W'ere icteric, and there was pitting edema of the 
low’er extremities. 

A. Gross: Upon removal of the sternum and ribs, an extremely enlarged heart was en- 
countered. The left border of the heart was in contact with the lateral thoracic wall. The 
enlargement had been to such an extent that approximately 85 per cent of the left pleural 
cavity was occupied by heart and tumor mass. There was also errlargement to the right so 
that the heart occupied approximately 35 per cent of the right pleural cavity. 

The left lung was completely collapsed, had been markedly displaced posteriorly and 
superiorly, and w'as bound down by firm fibrous adhesions over the apical half. The right 
' pleural ca\’ity contained 750 c.c. of thin, yellowish-brown, cloudy fluid. The right lung was 73 
per cent collapsed, and its surface, i)articulail}' in the lower half, was covered by yellowish- 
red fibrinous exudate. 

The arch of the aorta w’as displaced .superiorly. 

The heart and lungs together weighed 2,960 grams, of which the lungs made up an 
estimated 450 grams (Pig. 6). The enlargement of the heart involved primarily the left 
ventricle. It extended about 'halfway around the heart by intrapericardial growth 
‘‘encuirasse. ” The cavity of the left ventricle was considerably decreased in size, measuring 

3.5 cm. from the aortic valve to apex. In the apex of the ventricle were two polj’po**^ masses 
which projected into the cavity, further reducing its size. The cavity of the right ventricle 
was also somewhat decreased in its capacity, although less so than the left, and measured 

4.5 cm. from the pulmonarj" valve to the apex. The chordae tendeneae were shortened, and 
the papillary muscles were somewhat hj’pertrophied. The hypertrophy of the right ven- 
tricular wall was particularly marked. This ventricle was also displaced upward, but was not 
invaded. 

The endocardium throughout all chambers of the heart was smooth and glistening. There 
was no lesion of an}’ of the valve leaflets. The valve rings were of their usual size, except for 
the aortic which had been mildly compressed by a large mass of tumor tissue, 4.5 by 2.2 cm., 
which was exactly similar to that which is de.scribed subsequently. This mass of tumor 
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tissue had also; produced , some compression of the superior vena cava as it, entered the' right 
^auricle. One end of this mass lay upon but did not compress the" pulmonary artery. This" 
periaortic mass was entirely extra myocardial and extended upward from the auriculo- 
ventricular groove. It was in no way connected with the main tumor and was considered to be ’ 

' an intrapericardial metastasis. ■ • ' " 

Projecting from the apex of -'the heart was. a large tumor mass which, , from tlie inferior - 
border of identifiable myocardium to the tip of .the mass, measured 10 centimeters. This 
mass was composed of moderatel}’' ,'firm, yelloudsh, tumor tissue, contained in which were ' 
several large areas of degeneration, the largest of which measured 4' cm. in diameter, and was 
centrally placed. Throughout the tumor mass w'ere , irre^darly shaped strands of reddish- 
brwvn tissue which appeared to be degenerating myocardium. The line of demarcation be- 
tween the tumor and the heart muscle was rather sharp (Fig. 7). • 

The tumor tissue itself .occurred in ill-defined strands and whorls, some strands of 
' which were paler - and more dense than others. Upon sectioning, tlie tumor- tissue swelled 
up and overhung the pericardium. -Despite careful search, ■ the exact site of origin of the ' 
mass could not be determined, although from its location it is safe to, say that it probably 
was in or near the apex of the left 'ventricle. ' . • - , ■ 



Pi=- S. — Pliotomicrograpli sliowing encroachment on and isolation of myocardial cells by the 
neoplastic cells. (U. S. Army Medical Museum, Reg. No. 7C‘I32.) ' X-iSoi 

The tumhr mass had stretched the overlying visceral "pericardium and was attached' ' 
to it. This portion of the pericardium was soihewhat • thickened, averaging 0.15 centimeters. 
However, it could be dissected from the underlying tumor tissue without much difficulty. 
The pericardial space was completely obliterated, and the two lay’ers of the pericardium could 
be separated only by sharp dissection. - The parietal pericardium was thickened and averaged 
0.2 centimeters. Neither layer of the pericardium showed any- gross involvement by the 
\tumor. 

The peritoneal cavity contained 2,300 c.c. of thin, yellowisb-bromi, slightly cloudy ^ 
fluid. .. , ■ 

The duodenum contained three Ihrge ulcer craters, which were agonal in type. 

Both the cystic and common bile ducts were occluded by enlarged, homogeneous appear- 
ing lymph nodes at pointe 1 cm. from the hepatic duct junction and 1.5 cm. distal to this 
junction. \ 

The. remaining abdominal organ.s reve.aled ojuly a considerable degree of passive con- 
gestion. . ‘ . 

’ Thorough examination of the brain failed to rCveal any gross lesion. 

B. ^Microscopic: The microscopic description for the purpose of this report is limited 
to the findings as they pertain to the heart and the tumor mass. - Tliose sections of the 
myocardium taken away from the tumor mass revealed the musete cells to be normal in their 
appearance although there were reactive changes in the myocardium with increased interstitial 
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tiFPue aud a scattering of large mononuclear and otlier cells. 


The interstitial blood vessels 


were entirely normal. 

The pericardium was moderately thickened and in some 
in its ccllularity. Scattered diffusely through some areas of the 
of lymphocytes. 

The endocardium was not thickened in any area. 


areas was slightly increased 
pericardium were collections 



Fijr. g, photomlcroeraph revealing the cellular arrangement of the tumor. (U. S. Army Medi' 

cal Museum. Reg. Nos. 77247, 77250.) X165. 



Fig. 10. — Photomicrograph revealing nuclear detail. Note arrangement of chromatin and 
mitotic figure. (U. S. Army Medical Museum, Reg. No. 77245.) X640. 

Sections taken from the line of juncture hetween the myocardium and the tumor mass 
revealed the latter to be encroacliing upon the myocardial cells. Strands of the myocardium, 
as Well as individual cells, were found deep within the tumor mass itself. These myocardial 
colls appeared as islands, having been isolated by the advancing tumor, and revealed varying 
degrees of degeneration (Kg. S). In other areas there was a fairly sharp line of demarcation 
between the^ myocardium and tumor, and here a few strands of hbrons connective tissue 
formed a thin capsule between the two structures. 


306 


AMERICAN HEART JOURNAL 


That portion of the tumor mass occurring closest to the myocardium -was, by comparison 
with that elsewhere in the mass, much more cellular and of a liigher degree of malignancv. 

Sections from the bulk of the tumor mass were highly cellular; these cells occurred 
in whorls and bands projecting in all directions without any apparent attempt at reproduction 
of a specific architectural picture. The density of the tissue varied considerably from one 
area to the next. The individual cells of the tumor were not particularly large and were com- 
posed almost entirely of nuclear material. Cytoplasmic elements in some areas were indis- 
tinguishable; in others, however, varying amounts of cytoplasm could be made out. 'Wlierc 
it could be made out, the cells were spindle shaped with pointed ends. No blue fibrils were 
found in the phosphotimgstic acid hematoxylin preparations, although Wilder reticulum stains 
brought out some reticular fibers in relation to the cells. The nuclei were moderately 
chromatic; the chromatin was most dense around the periphery of the nucleus and accumu- 
lated throughout the remainder of this structure in dots of varying size with some arrange- 
ment in a vague linear fashion perpendicular to the long axis. Nucleoli •were not common. 
There were occasionallj* as many as two mitotic figures per high power field (Pigs. 9 and 10). 

In many areas the tumor more or less suddenly differentiated itself from immature cells 
to a more mature type of cell which' in all of its appearance and staining reactions was fibrous 
connective tissue. In these more mature areas the nuclei were more elongated, more com- 
pact, and the cytoplasm was more abundant. The area of degeneration described in the 
central portion of the tumor mass was found to be typical of the myxomatous type. 

The polypoid tumor mass in the left ventricle was made up of tumor cells of the same 
type as previously described, which were collected largely in the base of the polyp itself. 
To'wards the periphery of the polyp there was gradual differentiation through various stages 
to adult connective tissue which made up the enveloping capsule of the polyp itself. This 
differentiation was splendidly brought out by Masson’s stains. 

Sections of the mass which surrounded the base of the aorta ■u'ere composed of neo- 
plastic cells exactly similar in type to those already described. 

The enlargement of the lymph nodes surrounding the biliary tract was found to bo 
due to simple hyperplasia and early fibrosis, probably related to stasis. 

COMMENT 

As can be noted from the above protocol, the correct ante-mortem diagnosis 
was not made in this case. However, we tvish to state that the presence of a 
cardiac tumor was mentioned as a possibility by many who observed this patient 
during the course of his illness. But no one thought the tumor possibility as 
being the most likely diagnosis. 

The original electrocardiographic changes are those that may be seen in an 
infarction as well as in pericarditis witliout infarction. Because of the history 
of a choking sensation while the deceased was on a hike, the onset of which was 
sudden, follo\Ved by a pericardial friction rub and slight fever the next day, 
•with associated electrocardiographic changes that were compatible %vith an early 
infarction, we concluded that the enlargement of the left ventricle seen on the 
roentgenogram of April 8, 1943, could easily be explained; namely, upon the 
basis of aneurj’smal dilatation. The fluoroscopic examination performed on 
April 11, 1943, showed that the enlargement of the heart was limited to the 
apical portion of the left ventricle at which site weak pulsations were discerned. 

The nonclearing of the electrocardiographic abnormalities over a period of 
several months (Figs. 11, 12, and 13) •without clinical' evidence of secondary in- 
farctions was a bit disconcerting and failed to substantiate our impression of 
aneurysm incident to myocardial infarction. But then, later, the radiographic 
and kymographic findings of a boot-shaped appearing heart shadow and ab- 
sent pulsations in the left ventricle gave us evidence that we thought was in- 
controvertible, and so we assumed that we were dealing with a rapidly stretching 
myomalacic left ventricle, which subsequently failed, terminating in the death 
of the patient. 
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The absence of paradoxical pulsations of the left ventricle upon fluoro- 
scopic study did not alter our opinion of aneuiTsm, as Ave explained the lack 
of such pulsations upon the basis of a mural thrombus situated on the endo- 
cardial Avail of the supposedly infarcted left ventricle. This thrombus A\'as be- 
lieA^ed to be large enough to prevent any outAvard bulge ^during systole. 



Fig’. 11. — Electrocardiogram taken June 8 , 1943, showing same degree of negativity of T 
waves In all leads. There is notching of Ra and absent R<. No RS-T elevation or depression 
but slight coving S-Tj and S-Tj. Lead IV standard IVF. 



Fig. 12. 


Fig. 13. 


Fig. 12. — Electrocardiogram taken 
deviation. Ti and Ti are only slightly 
absent Still slight coving S-Ti and S-Ti. 


June 29, 1943, showing tendency toward left axis 
elevated now. T 3 and T* are isoelectric. R* is still 
Lead rv standard IVF. 


,, , b^c^rocardiogram obtained Aug. 7, 1943, showing low voltage QRS comnlexe 




HoAvever, in retrospect, Ave feel that there are certain findings that should 
have enabled us to differentially exclude aneurysm. In tlie fin’s! place, the pres- 
ence of a friction rub for a period of ten days is unusual in a ease of simple 
single infarction. Then, too, there Avas no blood pressure drop as is often seen 
in mfarction of the left ventricle. In addition, the electrocardiographic changes 
Avere not typical of infarction in that originally all T Avaves Avere inverted Avith 
never any elevation or depression of the S-T segments, olily slight coving Later 
there Avas seen some notching of the QES components Avliich, in the absence of 

"months folloAving the onset of the sup- 
I ed infarction, Avould point toAvard progressive myocardial pathology of some 
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type. In the absence of clinical or other laboratory evidence to support sec- 
ondary infarction to account for the progressive nature of the electrocardi- 
ographic findings, the diagnosis of a tumor should have been more strongly en- 
tertained. Furthermore, the rapid enlargement of the heart should have aroused 
our suspicion more than it did, in favoring a diagnosis of tumor. This latter 
observation coupled M'ith the relatively rapid course favored a tumor diagnosis 
rather than one of aneurysmal dilatation. 

The autopsy findings are remarkable because of the single site of location 
of the tumor with only a single intrapericardial metastasis. Despite careful 
gross and microscopic examination of all tissues no evidence of distant metastases 
of any type could be discovered. This is felt to be significant because clin- 
ically the exitus was mechanical in type rather than due to late stages of malig- 
nancy. The microscopic examination, as noted, revealed a spindle-cell type of 
growth. 

Prom the various staining, procedures carried out, two main possibilities 
present themselves, namely fibrosarcoma and leiomyosarcoma; the latter is 
comparable to the rare pleural tumors. 

The exact site of origin of the tumor cannot be postulated exactly, either 
from a gross or a microscopic standpoint. We arc of the opinion that it started 
in or near The apex of the left ventricle and perhaps the pericardium. The oc- 
currence of an isolated tumor mass at the base of the heart in the area of the 
ring of the aortic valve is interesting. As noted in the description, this mass 
had absolutely no connection mth the main tumor mass, and it is felt that this 
represents an area of metastasis to the heart itself. The possibility of simul- 
taneous origin of the two masses is considered but discarded because of insuf- 
ficient evidence upon which to base such a conclusion. 

Talcing ^11 of the gross and microscopic features into account, it is con- 
cluded that this is a leiomyosarcoma, Avhile an alternative choice of fibrosarcoma 
is also suggested. 



PRBIAEY ALYEOLAR bSLE CARCINOIilA OP THE LUNG 
PUIBIONARY ARTERY SCLEROSIS AND RIGHT HEART FAILURE , 

Hisp. Report 


Alfred P. Fishman, T^I.D., Bernard S. Epstein, jM.D., and 
David M. Grayzel, ]\I.D. 

Brooklyn, N. Y. 

T he coexistence of jiulmonary neoplasms and pnlmonar}- arteriosclerosis is 
rare. In a recent review of the pathology of the vessels of the pulmonary 
circulation Brenner^ found but one such case in his series of one hundred 
patients and gathered four others from the literature. AVe are reporthig an 
additional case which is interesting because of the association of ^advanced 
atherosclerosis of the pulmonaiw arteries and cor pulmonale Yith a dihuse 
alveolar cell carcinoma of tlie right lung in a young woman. 


REPORT OF A CASE 

E. W., a 20-yeaT-oia college girl, A\a<« told she had a ‘'spot’’ on her light lung in 19.39 
alter a routine roentgenogram of her chest had been made. The heart silhouette at that 
time was normal. Because of her apparent good health the finding was disregarded. Two 
tuberculin tests n ere negative. 

During June, 1940, she complained of pain in the right side of the chest which was 
diagnosed as right basal pneumonia with pleurisy. A modeiately productive cough without 
hemoptysis appeared and persisted for three weeks. The cough and pain in the right side 
then became less intense and was piesent when she w’as admitted to the liospital on Feb. 2, 
1941. She stated tliat she had lost 4 pounds in the month before admission. 

She was in good physical condition when first examined. Percussion dullness and 
exaggerated breatli sounds wme present over the right lung base. The heart sounds were 
regular, and aside from accentuation of the second pulmonic sound no changes w’ere apparent. 
The livei edge could not be palpated. 

A chest teleroentgenogiani revealed a uniform opacity extending obliquely from the right 
lung root to the diaphragm obscuring the light heart border. The main trunk of the 
pulmonary aitery was prominent. At first the possibility of a congenital heart lesion wa.s 
considered, but a rertew of the film taken in 1939 made it clear that the pulmonary artery 
ptominence had developed since that time. 

The blood Kline reaction was normal. A blood count r&vealed her hemoglobin to be 
107 per cent, with 5.5 million red cells, 13,300 white cells, and a normal diffeiential count. 

Bronchoscopic examination revealed sliglit narrowing of her light lowei bronchus with 
chronic inflammatory changes. A biopsy was leportcd as chionic inflammatoi-y tissue. Iodized 
oil bronchogi-aphy showed slight bronchiectatic changes in the lower lobe bronchi. The 
lumen of the trachea and main bronclii w'as normal. 

On Kov. 25, 1941, she was readmitted because of fever, chills, and a hard cough produc- 
ti\e of thick, green, mucoid sputum. She appeared malnourished, hei lips were cyanotic, and 
her fingers were clubbed. There was dyspnea on slight exertion, and edema was present over 
tho sacrum and ankles. A flat percussion note, increased tactile fremitus, and bronchial 
breathing ivcie present over the right base posteriorly. Many moist and dry fine rales were 
heard over the entire chest. The heart rhythm was regular, and the sounds were not unusual 
except for an accentuated second pulmonic .sound. The liver could now be felt 4 finger- 
breadths below the costal margin. 

Teleroentgenographic examination of the chest showed the right lung opacity to be more 
extensiv e than it was previously, obliterating the right costophrenic sinus. Her heart was 
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displaced-. toward the left, and there wa.s marked prominence and ihereaked arnplitude of- 
pulsation of the main trunk of the pulmonary artery.- - , • 

■ , ; Bronchoscopie examination again revealed the chronic inflammatory changes in the right 
lower bronchus. Electrocardiographic examination shoived right axis deviation and changes 
in the main ventricular complexes due to myocardial changes. Her venous pressure was 130 
mm. of water, the saccharin circulation time was 25.5 seconds, and the ether circulation time 
was 16.5 seconds, - ' ^ ' ; , ' 

, . . . The patient grew progressively ' worse during the next few weekk C 3 ’an 9 sis increased 
markedly, and the dyspnea and orthopnea became more pronounced. .About 50 c.c., of muco- 
purulent sputum were expectorated dailj’. The peripheral edema was not relieved by vigorous 
attempts to induce diuresis. ' . , . 

An exploratory thoracotomy for a possible lung tumor,- performed , five, weeks after 
admission, revealed an inoperable mass involving the right lower lobe and extending into' the 
upper lobe. The patient expired eighteen hours after operation in advanced heart -failure. 



A. , • B.- ; ' ' - • 

Fig. 1. — A, Teleroentgenogram showing opacity in right lUng base arid paracardiac ■ 
region. The heart is shifted toward the left- The main trunk of the -pulmonary •.artety ^i” 
prominent. B, Right anterior oblique projection showing dilatation of the main trunk- of . uie 
pulmonarj’ artery and prominence of the conus of the right ventricle. ' ' : , ' 


The following are the significant observations made at post-mortem examination. ' Her . 
right lung weighed 780 grams, and her left lung weighed 240 grams. The right lung wnf? , 
firm, rubbery in consistencj' throughout except at its apex, and presented deep red-^ey sur- , 
faces on cut section. At first glance the possibility of a pneumonic ' consolidation was.con- , 

‘ sidered. No necrotic foci were seen. The trachea and main bronchi' were normal throughout. 
The left lung revealed a few circumscribed nodules in^the lower, lobe -.which proved to be 
metastatic. > ■ , 

Tho main trunk of the pulmonary' artery' presented numerous grey'-yellow atheromatous 
■plaques which rendered the vessel almost rigid’. The atherosclerosis extended into the lesser 
. branches of the pulmonary arteries in both lungs so that they' projected ■well above the cut . - 
surfaces. 

The heart weighed 315 gram.s. The right ventricle was markedly thickened, .measuring. , 
1.2 centimeters. The left ventricle was 1.4 cm. thick. The coronary arteries were patent 
." and contained -occasional small yellow atheromatous plaques. The myocardium and valves . 
were normal. , 
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Oa microscopic examination the right lung parenchyma was diffusely infiltrated with 
tumor cells which filled the alveoli and extended into the bronclii and bronchioles. The stroma 
of the tumor was made up of the alveolar walls. The alveolar structures wliich remained 
in the dift'use sheet of tumor, cells existed as incomplete single layers of large cuboidal 
cells with large hyperchromatic nuclei. The tumor cells were large, either round or polygonal 
in shape, and had large or vesicular deeply-staining nuclei. Mitotic figures were rare. 

There was marked thickening of the walls of the arteries and arterioles with intimal 
proliferation which resulted in considerable narrowing of the lumina of the smaller vessels. 
No such changes were , noted in the smaller vessels of the Iddneys, liver, or heart. 





Fig. 4. — Photomicro^’aph showing the tumor cells (hematoxylin and dosin stain; niag- 

niflcation, x400). 



Fig. 3. — Photomicrograph showing the thick-walled vessels with narrowed lumina (hemato 

xylin and eosln stain; magnification, X150). 




- VrW '':'.;%SHkAN,ET’'AL.: ; CELL .CARCINOMA- pF'I^N^. ;313' ' 


Pulmonary arteriosclerosis is n^ally di\dded into /^primary*' aiid /'sec-,, : . - 
ondary ’ ’ groups^ Tlie former refers to those for which no cause for pulmonany^ ■ 
hypei'tension. can he found and is usually accompanied by right ventricular . : ; 
hypertrophy. Gases sometimes referred to as senile in origin fall into this' ■ 
group even though there is neither right ventricular hypertrophy noi’ any - / -' 
obvious cause for the pulmonary hypertension. ■ ; ' , . : ' 

, Secondary pulmonary arteriosclerosis is the designation applied to, the" . 
larger group in whom some obvious pulmonary or cardiac cause for the increased- ; 
pulmonaiy arterial pressure exists. Among these are heart disease; particularly 
mitral stenosis, chronic heart failure, and chronic lung conditions such as 
bronchiectasis, emphysema, tuberculosis, lung abscess, and extralumihar cbm- , ; , 
pression of , the pulmonary artery. ■ ; : ’ 

In ;f942, Neuberger and Geever- reported the pathologic findings in twenty- , , 
five cases of alveolar cell carcinoma of the lung gathered from the. available .G- 
literature. In none of these was there any mention of pulmonaiy arteriosclerosis. 
Brenner ^y as unable to ascribe any relationship between the liing. tumor arid, 
pulmonary arteriosclerosis in the five eases he mentioned. ' . ’ , 

The ultimate cause of tlie pulmonary hypertension could not be ascefta-iiied 
in our patient. It might be more than coincidental that the pulmonary afterib- 
sclerosis and the alveolar cell carcinoma of the right lung were present together.. 

The fact that the pulmonaiy artei-y dilatation and the cor piihnonale appeared ■ . ' 
after the first x-ray examination of the chest in 1939 suggests that perhaps somi . - V 
relationship may ' have existed between the pulmonary artery sclerosis and ‘the : 
tumor, .... . 
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Bosenbluetb, P. A,, and Eamos, J. G.: The Interpretation of the Electrogram of the 

Cardiac Ventricle. Arch. Inst. Cardiol. Mex. 14: 232, 1945. 

The electric phenomena of the cardiac ventricles of cats and dogs were recorded by 
means of a cathode-ray oscillograph and the following observations were made. 

When the leads are applied directly to two intact regions of the muscle, a typical 
diphasic electrogram is obtained. If an extensive injury (ligature or bum) is made be- 
tween the leads, the records are not modified, although the response recorded from the injury 
to either of these two intact regions tested originally' are typically monophasic. 

The existence of an injured region can only- be appreciated in records taken from a 
direct to a distant lead if the direct lead is in contact with the damaged tissue. If, instead 
of being applied directly, the near electrode' is placed on a layer of cotton moistened with 
Binger’s solution which covers the heart, so that the lead becomes diffuse and makes con- 
tact with both injured and intact tissue, then the existence of an injury can be appreciated 
in the records even when the electrode is moved over a relatively large area in front of the 
heart. 

The polarization with direct current of either of the two lead-off regions results in 
marked changes of the diphasic electrograms. Applications of direct current to other regions 
of the heart, including the zone intermediate to the leads, do not modify the electrograms. 
Similarly, the monophasic records are strikingly modified when the live lead-off region is 
polarized anodally or cathodally, but arc tmehanged by the application of direct current to 
the intermediate zones or to the injured region. 

From these data the following inferences are drawn, (a) The only- regions in the ven- 
tricle that contribute significantly to the electrograms obtained with leads applied on the 
surface are tho^e in direct contact with the leads; the electrical phenomena which occur in 
other regions, including those intermediate to the leads, contribute only minimally or do not 
contribute to the electrograms, (b) There are no potential changes at an injured region 
concomitant with the activity of the heart, (c) The monophasic electrograms, therefore. 
■ show only the potential changes which take place at the intact region which is in contact 
with the corresponding electrode; they may be designated as monotopic; the diphasic electro- 
grams are ditopic since they correspond to the algebraic sum of the two monotopic responses, 
(d) "When applications of direct current to the injured region do not modify the mono- 
phasic electrograms it may be concluded that the injury is complete for the purpose of tlie 
record, and it may be concluded, therefore, that the electrograms are strictly monotopic; 
these strictly monotopic records are not simple but complex, they exhibit several component® 
which differ in amplitude, polarity, and time course, (e) The existence of a cardiac injury 
may be detected in the human electrocardiogram because the distant electrodes arc prolonged 
by the conducting media of the organism and the real leads are diffuse and come in contact 
with the injury. 

AUTJIOR.®!. 

Alexander, E. S.: The Effects of Blood Flow and Anoxia on Spinal Cardiovascular Cen- 

ters. Am. J. Physiol. 143: 698, 1945. 

By employing the activity in the inferior cardiac nerve of the cat as a direct index of 
the activity in the sympathetic outflow to the cardiovascular system, the following conclu- 
sions have been reached: 

After removal of all possible sources of reflex inhibition, a rise in thoracic blood pressure 
produced by- injections of adrenalin or pitressin or by sudden occlusion of the abdominal 
aorta still serves to inhibit the tOnic activity in the thoracic sympathetic outflow to the 
cardiovascular system. 
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The tonic aetiv% arising within the spinal cardiovascular centers of deafferent spinal 
preparations is sensitive to changes in oxygen tension. This activity is depressed by iiyper; 
ventilation or ventilation with a mixture of^ 90^ per cent oxygen and 10 per cent carbon di- 
oxide, and stimulated by asphyxiation or^ ventilation with pure nitrogen. ^ ^ 

In the deafferent spinal preparation, a rise in blood pressure inhibits sympathetic ac- 
tivity by increasing the flow of blood to the spinal cord. This increases the supply of oxygen 
to the spinal cardiovascular centers and thus depresses their activity. 

It is suggested that the oxygen tension in the spinal cord of the normal animal may 
contribute to the excitatory state of the spinal cardiovascular center.s, and thereby leinforce 
the buffer reflexes which are integrated at higher levels of the nervous .system. 

Author. 

Duomarco, J., Kecrate, P., and Rimini, R.: Influence of Abdominal and Thoracic Pressure 

Upon the Venous Return in the Inferior Vena Cava. Rev. argent, de cardiol. 11: 

286, 1945. 

An artificial experimental model was devised in which the physical conditions which de- 
termine the venous return in the inferior vena cava were studied. i 

In the case of the inferior vena cava there is a phenomenon of venous collapse which 
makes it impossible for the variations of thoracic and abdominal pressure to influence directly 
the venous return. 

The thoraco-abdominal pressure difference protects tlie abdominal venous system from 
any easy stagnation. 

The pressure variations due to respiration may cooperate in the venous return only in 
certain conditions in which the inferior vena cav.a is distended. 

Author.s. 


Stead, E. A., Jt., Warren, J. V., Merrill, A. J., and Brannon, E. S.; The Cardiac Output 
in Male Subjects as Measured by the Technique of Right Atrial Catheterization. 
Normal Values With Observations on the Effect of Anxiety and Tilting. J. Clin. 
Investigation 24: 326, 1945. 

Studies on the circulation were performed in twenty-two normal subjects in the basal 
state. Samples of mixed venous blood and measurements of the atrial pressure were obtained 
by inserting a catheter through the' anteeubital vein into the right atrium. The femoral 
arterial pressure was recorded optically by the method of Hamilton. 

Nineteen experiments were carried out on eigliteen subjects in whom the pulse rate 
was not above 82 beats per minute and in whom the metabolic rate did not e.xeeed plus 10. 
The arteriovenous oxygen difference varied from 3.1 to 6.1 with an average of 4 volumes 
per cent. The cardiac index (liters jier minute per square meter) ranged from 2.3 to 4.J, 
with an average of 3.3. The atrial pressui-e ranged from 0 to 85, with an average of 31 mm. 
of water . 

Seven experiments were performed on five normal subjects in whom either the pulse rate 
exceeded 82 or the metabolic rate exceeded plu.s 10. These finding.^ were interpreted a« evi- 
dence of anxiety. The average arteriovenous oxygen difference was 3.1 volumes per cent. 
T)ie cardiac index averaged 5.5, and the atrial pressure averaged 29 mm. of water. The in- 
crease in cardiac output was out of proportion to the increase in oxygen consumption. The 
rise in cardiac output occurred without any measurable change in atrial pressure. 

llflien the subject was tilted to an angle of 70 degree.s^ the arteriovenous oxygen dif- 
ference rose, and the cardiac output deer'cased. The average decrease in the cardiac index 
when lire subject was tilted, amourrted to 23 per cent. ^ 

Authors. 


Neubauer, C.*. Auricular Eibrillation and Auricular Flutter in Diphtheria Brit Heart J 
7: 50, 1045. • ^ 

... ejinieal and bacteriologic grounds, the case was one of faucial diphtheria. Hemo- 
lytre streptococci are not uncommonly found in diphtheritic tlrroat lesions caused by gravis 
strain, and rn the case under discussion the presence of liemoljlic streptococci, in additSn to 
the developriierit of a rash and strawberry tongue as described above, indicates beyond doubt 
a double rn octron The persistent tachycardia and the diminished intensity orthe first apTea 
sound the lowered blood pressure, and the increased blood sedimentation rate 
*mfo.riatio«s of a myocardriis. Auricular fibrillation, detected clinically and cardiograph- 
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ically tliree days later, confirmed the presence of myocarditis j it persisted for two days in 
spite of digitalis therapy and ultimately changed to auricular flutter. Anatomic and his- 
tologic findings at autopsy revealed an acute myocarditis with formation of ante-mortem 
mural thrombi. 

Here, then, is an example of auricular fibrillation and auricular flutter developing ns 
terminal events in the course of an extremely’ acute myocarditis. 

Author. 

Cookson, H.: Heart Block and the Simulation of Bundle Block in Diphtheria. Brit. Heart 

.T. 7: 63, 1943. 

Clinical and eardiographic findings are given of eight cases showing conduction changes 
among a series of eighty-three patients with diphtheria. Of four with latent block, a pro- 
longed P-B interval has peisisted in one for five months. Bundle branch block was observed in 
four unimmunized cliildren, aged 12 years or less, and all died; complete block was recorded in 
one of these four. In two others bizarre ventricular complexes were found in association with 
a passive ectopic rhythm; at first sight these suggest a bundle branch lesion, but like the 
short P-E wide QES syndrome, which seems a related condition, these changes do not appear 
to have any prognostic significance. 

Author. 

Pearson, R. S. B.: Sinus Bradycardia With Cardiac Asystole. Brit. Heart J. 7: 85, 1945. 

A case of persistent sinus bradycardia with sjuicopal attacks due to cardiac stand- 
still is described. 

Evidence is given for believing that this is not vagal in origin but due to hypo-e.vcitability 
of the pacemaker. 

Author. 

Costero, and Fuertes, G. A.: Frequency of Congenital Anatomic Lesions of the Heart in 

the City of Mexico. Arch. Inst. Cardiol. Mex. 14: 275, 1945. 

In 1,000 consecutive autopsies with a complete pathologic study recorded in the Service 
of Pathology of the General Hospital of Mexico and carried out for Sept. 11, 1937, to Jan. 
19, 1941, the frequency of congenital anatomic lesions of the heart and of the large vessels 
has been investigated with the following results: 

1. Fenestration of the sigmoid valves was found in 253 cases. In 107 of them the 
lesion was of the pulmonary sigmoid; in 67, of the aortic sigmoid; and in 79, of the valves 
of both arteries.. Of these cases 48 (18.97 per cent) coincided with other congenital ab- 
normalities in the organism. 

2. The foramen of Botal was incompletely closed in 179 case.s, of which 80 (44.G9 per 
cent) coincided with other congenital malformations. 

3. The coronary arteries were abnormal in 36 cases; in 14 there were accessory coro- 
naries; in eight there was duplicity in the opening of one of the coronaries; in two there 
were multiple openings; and in 12 the opening was displaced. 

The following abnormalities were found only once. 

4. Bivalve sigmoid, which coincided with other extracardiac congenital malformations. 

5. Incomplete interauricular septum, coinciding also with other malformations. 

6. Bifurcation of the apex, associated with fenestration of the sigmoid. 

7. Dilatation of coronary sinus. 

In 90 of the cases tabulated there were t'vo simultaneous lesions, and, in five of them, 
there were three simultaneous congenital lesions of the cardiovascular system. 

Authors. 

Grolnlck, M., and Loewe, L.: Inununologic Studies in Patients With Subacute Bacterial 

Endocarditis Treated by Combined Penicillin-Heparin Method. .1. Lab. & Clin. Med. 

30: 559, 1945. 

Twenty-seven patients receiving intensive and prolonged treatment with penicillin failed 
to develop any positive skin or ophthalmic reactions to a solution of penicillin containing 
10,000 imita per cubic centimeter. These patients did not develop any positive skin reactions 
to the source of this product, the mold Penicillmm notatum. 

From the present study penicillin would appear to be a very poor sensitizing agent. 

Authors. 
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Katz, L. N., Wise, W., and JooSta, K.: The Oentrol ot the Coronary Plow in the 

nenrated Isolated Heart and Heart-Limg Preparation of the Dog. Am. J. Physiol. 

143: 479, 1945. 

Coronary flow ivas studied in isolated -heait and heart-lung preparations of dogs hy 
examination and analysis of graphs correlating one or more factors with corona^ flow m 
tha control period at the start of each of seventy-nine experiments, and by data obtained m 
individual exT)eriments following alteration of the various factors controlling the dynamics of 

the preparation. 

In the graphs, coronary flow at the beginning of the experiments was found to vary 
ivith heart weight, but not with venous or aortic pressure levels. On the other hand, there 
was striking correlation of cardiac output (measured as pulmonary :flow) with coronary flow, 

index of reciprocal of coionary resistance coronary flow per gram heart 

^ * aortic piessure 

eicht coronary flow per giam heait weight. Correlations of work of the. heart were 

aortic pressure . 

similar to those of pulmonary flow since in our preparations the latter is tlie mam variable 
in calculation of cardiac work. Coronary flow was found to be independent of aortic flow 
and of arterial oxygen level (of tlie range in our expeiiments) but coronary flow per gram 
heart weight tended to increase with increase of tcmpeiature or heart rate. The pressure 
drop between the aorta and right auricle in the heart-lung preparation correlated with aortic 
flow but not with coronary flow, indicating great variation in cross section of the coronary 
bed from preparation to preparation. 

Examination of the course of indiridual experiments explained tlie above correlations 
and lack of correlations. They showed that the two most important mechanical factors in- 
fluencing coronary flow in the isolated heait and heart-lung preparations, and presumably in 
the intact circulation, are cardiac output and systemic peripheral resistance — apart from spon- 
taneous changes in coronary resistance wiiicli lend to occur during the course of the experi- 
ments. Thus, both increase in minute caidiac outpuj and increase in extracoronary vascular 
resistance increase coronary floiv. 

Those two factors act automatically and mechanically, without involving nerve reflexes 
or humoral mechanisms to bring about their effect. Their importance has hitherto not been 
properly appreciated. 

Aortic pressure, which has an impoitant influence on coionary flow in artificial prepara- 
tions in which the coronary ciicuit is dissociated from the .systemic circuit, does not play as 
important a part in the intact circulation. In the intact circulation, changes in aortic pres- 
sure are usually coincidental, secondary to change in cardiac output, systemic peripheral re- 
sistance, or both. The aortic pressuie change tends to be minimized as a result of lessening 
of the change in total peripheral resistance by the alteration in coronary resistance brought 
about in turn by the passive alteration in the diameter of the coronary vessels. Change in 
coronary flow due to the predominant influence of one or both of the two factors mentioned 
above may occur in the absence of, or with similar or opposite, change in aortic pressure. 

The degree of cardiac extra vascular coronal y compression is not as marked an influence 
as these other two factors, and its effect is obscured. Similarly the effect of cardiac output 
and peripheral resistance may mask or reveise the influence of nerve reflexes, drugs, and 
humoral substance on coronary caliber and coronary blood flow. 

In experiments in wdiicli heart rate was delibeiately altered there was no predictability 
in the change in coronarj^ flow, since coronary flow changes occurred as the result of change 
_ in cardiac output or peripheral resistance, and no effect of heart rate per se could be dis- 
tinguished. 

The lack of relationship of coronary flow to aortic flow in the control periods of dif- 
ferent preparations compared to the correlation of coronary flow with pulmonary flow, and 
the similar variabilitj' of aortic flow with respect to both coronary flow and pulmonary flow 
during the course of individual experiments, shows the fallacy in assuming, as some have 
done, that aortic flow below the mouths of the coronaries is an accurate index of either coro- 
nary flow, total cardiac output, cardiac work, or stroke volume. Authors. 

Katz, L. H., Wise, W., and Jocliim, K.: The Dynamics of the Non-Pailure Period of the 

Isolated Heart and Heart-Lung Preparation. Am. J. Physiol. 143 : 495, 1945. 

In order to determine how many of the changes occurring in the course of heart failure 
taneous change or changes induced by manipulation, the constancy and interreltion of the 
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various pressures and flows in tiio period of little or no failure in thirteen isolated hearts and 
twenty-five heart-lung preparations are considered. 

Improvement of the heart was frequently seen and manifested by a fall in venous pres- 
sure with constant cardiac output and M'ork, or by an increase in cardiac output without rise 
in venous pressure. Improvement of the heart occurred earlj' and apparently represented 
recovery from the initial manipulations in setting up the preparation; it also occurred later 
and in these cases, as in others, a common factor apparently was improvement in coronary 
flow. 

In the course of a number of experiments a spontaneous decrease in coronary resistance 
led to increase in coronary flow, and, since the total peripheral resistance 'tended to de- 
cline, aortic pressure tended to fall. Usually peripheral resistance was adjusted to keep up 
aortic pressure. In a number of experiments the aortic pressure did not fall even though 
the systemic peripheral resistance was not adjusted. Tlie probable explanation for tliis is dis- 
cussed. The effects of spontaneous coronary dilatation upon the pulmonary arterial and 
the venous pressures varied and were actually determined by coincidental adjustments or 
changes. The spontaneous changes in coronary' flow could not be correlated with variations 
in arterial oxygen content; apparently anoxemia of a degree sufficient to affect coronary 
flow was not encountered in these experiments. 

Almost all the spontaneous clianges in heart rate were related to temperature change 
and averaged about 10 beats per minute per degree centigrade. No correlation between heart 
rate and right venous pressure levels could be established. 

Deliberate changes in cardiac output were accompanied by a like change in one or 
both venous pressures. In the heart-lung preparation the right venous pressure change was 
greater and more frequent than left. In the isolated heart preparation the left venous pres- 
.sure rise was more frequent and greater than the right. Aortic pressure tended to rise but 
not in all cases. The cause for these changes is discussed. 

lllien changes in the artificial systemic resistance did not change the aortic pressure, 
change in the other pressures was usually minimal or absent. IVlien the aortic pressure wns 
elevated by tliis procedure left venous pressure usually rose. A rise was seen less frequently 
and to a lesser extent in tlie pulmonary arterial and right venous pressures. Contrary effects 
of the increase in peripheral resistance operating downstream sometimes neutralized or re- 
versed the pressure changes on the right side of the heart. Increase in artificial aortic re- 
sistance operated to raise the pressures upstream and lower them do\vnstream. 

Alteration in the pulmonary resistance in the isolated heart preparation caused changes 
in the same direction in pulmonary arterial pressure, right venous pressure, and, usually, 
aortic pressure. 

Apart from the effect- of secondary- adjustments when the lieart r.ate was changed, in- 
crease or decrease in heart rate beyond the optimum for adequate filling decreased the cardiac 
output. Arterial pressures tended to fall and venous pressure to rise, and the rise in venous 
pressures was accentuated by' adjustments in peripheral resistances to maintain the arterial 
pressures. 

The development of pulmonary edema, but not the plugging up of minor vessels by 
tlurombi (both rare phenomena) , .increased the pulmonary resistance, increased the pulmonary 
arterial to venous pressure drop, and led to an increase in right venous pressure. 

Spontaneous decreases in pulmonary' resistance in tlie heart-lung, usually associated 
with simultaneous decrease in coronary resistance, decreased the pressure drop from pul- 
monary- artery to vein and were usually reflected also in a fall in right venous pressure. In- 
crease in the pulmonary flow by- distending the lung blood vessels in the heart-lung tended to 
lessen the expected increase in the pressure drop between the pulmonary- artery- and veins. 

AXJTHon.s. 

Nylin, G-.: Blood Volume Determinations With Eadioactive Phosphorus. Brit. Heart J. 7- 

81 , 1945 . 

By- the application of a new method worked out by Hevesy and his co-workers, employ- 
ing blood corpuscles labeled with radioactive phosphorus, the circulating blood volume has 
been determined on both normal per.«ons and cardiac patients with and without failure. A 
prerequisite for the determination of the circulating blood volume is that the dilution curves 
can be established and thereby- the time when equilibrium appears can be determined. 

In this work the results in each case are based on the mean values of a number of de- 
terminations. The mean value for the amount of the circulating blood corpuscles in normal 
cases was found to be 1,850 c.c., 1,998 grains, or 33.4 Gm. per kilogram of body weight. 
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The mean value of the compensated cases is in agreement uritli the normal values at 1,795 c.c., 
1,939 grains,- and 31.8 Gm. per kilogram of body weight. The total blood volume in the nor- 
mal cases is 73.5 c.c. per kilogram of body weighty and in the compensated cases 71.8 cubic 
centimeters. Two cases of heart failure — and. particularly one of them show a considerable 
increase in both the amount of blood corpuscles and the circulating blood volume. The other 
case has been followed with repeated determinations after all signs of failure had disap- 
peared.- 'A great decrease in the circulating blood volume of no less than 28 per cent took 
place simultaneously with the appearance of the interesting phenomenon that the amount of 
red blood corpuscles also decreased by 18 per cent. 

Adthob. 

Wiggers, C. J.: The Pailure of Transfusions in Irreversible Hemorrhagic Shock. Am'. J. 

Physiol. 144: 91, 1945. 

If reduction in circulating volume and in venous return, due eitlier to exemia or to fail- 
ure of a venopressor mechanism, are dominant factors in the circulatory failure which fol- 
lows substantial infusions of adequate solutions, it may be anticipated that effective central 
venous pressures are reduced, as they are after large hemorrhages. It has been found that 
tliis is true in only eighteen out of forty-eight dogs submitted to our standardized technique 
for production of hemorrhagic shock. 

The additional observations that effective venous pressures immediately after deatli 
from hemorrhagic shock are essentially within normal ranges and that the static circulatory 
equilibrium produced by prolonged vagal inliibition of the heart is also essentially normal fail 
to support the views that capillary transudation, pooling of blood in the vascular system, or 
failure of any venopressor mechanism represent the essential irreversibility factor in the 
majority of our animals. 

The results strongly suggest that failure of transfusions in shock are not necessarily 
due to unsuitability of solutions used nor chiefly to loss of plasma or solutions through "dam- 
aged capillaries or failure of a venopressor force, but, frequently at least, arc attributable 
to myocardial depression, i.c., to a reduced reaction to equivalent venous filling pressures. 

Author. 


Bourne, G.; Ligature of Patent Ductus Arteriosus. Brit. Heart J. 7: 91, 1945. 

In infected cases of patent ductus arteriosus, successful ligature of the ductus bHngs 
about a lasting cure. 

In noninfected cases it may be most successful even at the stage when heart failure is 
developing. 

Author. 

East, T.; Ligation of the Patent Ductus Arteriosus. Brit. Heart J, 7: 95, 1945. 

Xjigation of the patent ductus arteriosus has been performed in thirteen cases. No 
anxiety arose in any case following operation. One patient, infected before operation, died 
later. One other patient died of septicemia which started after nine days’ normal con- 
valescence. It may possibly have arisen as a result of the operation, but there was no direct 
evidence of this. 

The conclusion is tliat ligation is a good method of treatment in any patient with patent 
ductus arteriosus; the sooner after the sixth year, the better. 

Author. 


Moses 0.; The Effect of Digitalis, Epinephrine, and Surgery on the Response to Heparin. 
iT. Lab. & Clin. Med. 30: 603, 1945. 

of the response of individuals to the intravenous administration of 0.15 mg 
of heparin per kilogram of body weight is presented. 

^'o significant decrease in heparin tolerance was obtained after the administration of 
digitalis or epinephrine or after major surgery. " luscration ot 
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T he American Heart Association is the only national organization devoted to 
educational work relating to diseases of the heart. Its activities are under 
the control and guidance of a Board of Directors composed of thirty eminent 
physicians who represent every portion of the country, 

A central office is maintained for the coordination and distribution of important 
information. From it there issues a steady stream of books, pamphlets, charts, 
films, lantern slides, and similar educational material concerned with the recognition, 
prevention, or treatment of diseases of the heart, which are now the leading cause of 
death in the United States. The American Heart Journal is under the editorial 
supervision of the Association. 

The Section for the Study of the Peripheral Circulation was organized in 1935 
for the purpose of stimulating interest in investigation of all types of diseases of 
the blood and lymph vessels and of problems concerning the circulation of blood 
and lymph. Any physician or investigator may become a member of the section 
after election to the American Heart Association and payment of dues to that 
organization. ' 

The income from membership and donations provides the sole financial support 
of the Association. Lack of adequate funds seriously hampers more intensive 
educational activity and the support of important investigative work. 

Annual membership is $5.00. Journal membership at $11.00 includes a year’s 
subscription to the American Heart Journal (January-December) and annual 
membership in the Association. The Journal alone is $10.00 per year. 

The Association earnestly solicits your support and suggestions for its work. 
Membership application blanks will be sent on request. Donations will be gratefully 
received and promptly acknowledged. 
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ANATOMY OP AORTA 

Consideration of the anatomy of the aorta in this area sho^Ys that the des- 
cending aorta is divided into two portions, the thoracic and the abdominal, in 
topographical correspondence with the two great cavities of tlie trunk in 
which it is situated.® The arch of the aorta ends at the left side of the lower 
border of the fourth thoracic vertebra, and the diameter in this portion is 
about 23 millimeters.® The thoracic aorta is situated in the posterior medias- 
tinal cavity. It begins at the lower border of the fourth thoi’acic vertebra, 
where it is continuous with the aortic arch, and ends in front of the .lower 
border of the twelfth vertebral body at the aortic hiatus in the diaphragm.® 

CASE REPORT 

Case 1. — A man, aged 32 years, was riding in a one-fourth ton “peep” which over- 
turned. The vehicle rolled over once and then righted itself. The man was found dead, 
hanging from the vehicle with Ms feet caught under the dashboard, apparently having 
sustained the weight of the car on his body. 

Autopsy . — External examination: The patient, a 32-year-old man, 'was well developed 
and well nourished; he had numerous linear abrasions over the anterior thorax and several 
contusions over each ilium. There was a marked depression on palpation in the region of 
the tenth thoracic vertebra with movement of the spinous process. 

Internal examination: (1) Dorsal dissection: Incision was made over the spinous 
processes from the first cervical to the twelfth thoracic vertebrae, and the soft tissues were 
dissected away. There was a fracture of the spinous process of the tenth vertebra. (2) 
Ventral dissection: The body was opened by a Y incision. When the breast plate was 
removed, examination of the thorax revealed fractures of the third rib, right, anterior; the 
fifth rib, bilateral, anterior; and the eighth rib, right, posterior. There was no displace- 
ment of the fragments, but the, intercostal muscles and the parietal pleura of the fifth and 
seventh intercostal spaces were lacerated. The heart w’as normal. The left thoracic cav- 
ity contained about 2,500 c.c. of blood and clots with the lung floating on the surface. 
The aorta appeared as a white tube cut cleanly at the junction of the arch and thoracic 
aorta lying witMn a mass of infiltrated, bloody, connective tissue. The rupture was at right 
angles to the length of tl\e arteiy. The aorta appeared healthy, and the intima was 
smooth and devoid of dilatations and plaques. The lungs were normal; no fractures of 
the skull and no injury to the abdominal viscera was noted. 

Microscopic Jleport . — Heart and great vessels: The myocardium showed no signifi- 
cant change. The aorta had areas of periadventitial hemorrhage. The aortic wall showed 
no significant abnormality. 

The cause of death was rupture of the thoracic aorta with exsanguination. 

Case 2. — A man, aged 24 years, was riding in a light civilian automobile, which was 
traveling at a high rate of speed, and failed to make a curve on the road. The vehicle 
overturned several times; he was thrown through the left side of the windshield, hitting his 
head on the frame as he was catapulted from the car, and killed. 

Autopsy . — ^External examination:' Inspection revealed that the skull was laid open 
from the left orbit to the left occiput; the dura and the cortex of the brain were exposed, 
as the entire roof of the skull was broken off in one piece, resulting in multiple fractures 
of the bones of the left side of the face and skull. There were numerous abrasions on 
both sides of the chest at the nipple line and on both iliac crests. 

Internal examination: The body was opened by a Y incision; examination of the 
thorax revealed fracture of the first, fourth,' fifth, and sixth ribs at the right anterior por- 
tion of the chest; the first rib was the only one to pierce the right lung, causing a 2-cni. 
laceration at the very apex. The intercostal muscles and the parietal pleura were lacerated 
between the third, fourth, fiftli, and sixth ribs on the left side. The left thorax contained 
about 600 c.c. of blood and several large blood clots. The heart was normal. The aorta 
was gaping with tom, jagged edges at the junction of the arch and the thoracic aorta- 
The rupture was caused by a transverse laceration completely severing the entire thickness of 
the vessel. The aorta was structurally normal, and there was no evidence of atheromatou-s 
degeneration. The lungs were healthy except for a small laceration in the right apex- 
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Tte liver presented multiple lacerations on both surfaces. Ko other abdominal viscera 
■were injured. 

Microscopic Report.— Heart and great vessels: There were no significant changes in 
the myocardium or aortic wall. 

The cause of death was multiple skull fractures with maceration of the brain, and 
rupture of the thoracic aorta. 

DISCUSSION 

The dynamics of rupture of the thoracic aorta of health^' young adults is 
of particular interest. A pressure of 1,000 nun. Hg tvas not sufficient to rup- 
ture the aorta of individuals between 20 and 40 years of age according to the 
studies of Klotz and Simpson,^® although Oppenhehn^^ reported that a pres- 
sure of 3,000 nuu. Hg was sufficient to rupture the normal human aorta. 
These figures are no doubt high, since rupture of the aorta in normal healthy 
individuals probablj’' occm*s only when sudden terrific force is applied to the 
thoracic cage. This violent force maj' no douht he either direct or the result 
of contrecoup- in our two cases an element produced by torsion of the head 
and trunk doubtless was au important factor in bursting the aorta. 

The site of rupture iu our patients was distal to the emergence of the 
major branches of tlie aorta which is the relativelj’^ mobile point of the thoracic 
aorta. It becomes apparent that a sudden blow displacing the thoracic struc- 
tures might cause a rupture in this mobile section either by direct or con- 
treeoup force. In both our patients there was fracture of a few ribs hut 
displacement of only one on the right side. The normal thorax is not a rigid 
sti’uctnre and can be compressed in almost any diameter, although since 
resiliance is high in this age group, such condition probably only added to the 
element of torsion to the thoracic contents. Wilson and Roome^- feel that, 
if the blow is received at the beginning of diastole of the heart, the aorta is 
then completely distended with blood and rupture is more likelj’’ to occiu’. 
The opinion of Warfield^^ is that the important factor in traumatic injuries of 
the heart and the aorta or its root occurs in full inspiration and that the sud- 
den compression of the chest finds the heart caught and held between the in- 
flated lungs which may result in rupture of the aorta. It is of interest that, in 
traumatic dissecting aueurj'sm, the site of predilection of intimal rupture is 
usuallj* at or near the attaclmieut of the obliterated ductus arteriosus (Botallo), 
just above the aortic valve aud commonly on the posterior wall, near the aortic 
attachment of the ligamentum arteriosum, which acts as another point of fixa- 
tion. These areas of fixation favor Rindfleisch theoiy that fixation pre- 
disposes to injury aud also Abbott’s^® belief that, in these regions, the aorta 
may he eongenitalfy weak. 

In light of the absence of abnormalities on macroscopic and microscopic 
study of the aorta of oui' two cases, it is clear that complete transection of all 
the coats of the aorta owing to trauma in these two young adults is in marked 
contrast to spontaneous rupture of the aorta resulting from a process described 
by Erdheim^'^ as medionecrosis aortae idiopatbica. The latter pathologic pro- 
>cess may occur in young adults as sho^vn by Taylor and Morehead.^’ It is of 
particular interest that Schnitker and Bayer^® found in 580 recorded cases of 
dissecting aneurj-sm of the aorta tliat 24.31 per cent occurred in individuals 
under the age of 40 years. They felt that the lesion usually resulted from 
cystic necrosis of media. 

♦ 

We agree .with the opinion of Collins and D’Alessio'® that the clinical 
sjTidrome produced by rupture of the aorta foUowing trauma is caused by 
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surgical slioek, but measures directed at combating shock and 'supporting the 
cii'culation are fruitless. Injuries of the intraperieardial portion of the aorta 
have been amenable to repair because of the suiTounding structures, b,ut per- 
forating types of injury to the extraperieardial portion usually resxrlt in early 
death. D,shanelidze,^° in 1922, reported the successful suturing of a wound of 
the thoracic aorta. Blalock,-^ in 1932, successfully sutured an ice-pick wound 
-of the intraperieardial poidion of the ascending aorta in a Negi’o. Elkin’s," 
in 1941, also reported the suece.ssful suture of a wound of the ascending aorta 
produced bj’ tm ice pick. 

SUMMARY 

1. Complete rupture of the normal thoracic aorta in young adults is rare. 

2. Traumatic rupture at the junction of the arch and the thoracic por- 
tion probably occurs, because this is the most mobile portion of the aorta, 

3. Rupture probably results from a sudden terrific blow to the thorax with 
both direct and eontreeoup forces plus sudden tor-sioxi of the head and trunk. 

4. Txvo cases of traumatic rupture of the normal aorta involving the junc- 
tion of the ai’ch and the thoracic portion are reported. 
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STUDIES CONCERNING THE ETIOLOGY AND PATHOGENESIS 
OP NEUROCIRCULATORY ASTHENIA 

II. The ]\Ieghanisms*Undeklying the Giddiness Found in Patients 
"With Neurocieculatory Asthenia 

ilAJOR ]\'Ieyer Priedaian,'M.C/ 

introduction 

G iddiness was early recognized^’ ■’ ® as an occasional manifestation of 
neurocirculatory asthenia (NCA), and scarcely any comprehensive re^dew 
devoted to this sjmdrome fails to mention the occurrence of this symptom. But 
if this phenomenon has been recognized universally, it has not been investigated 
satisfactorily in regard to the mechanism responsible for its production. Soley 
and Shock* described giddiness occurring in their patients after the induction 
of hyperventilation, and they implied that the alkalosis therein produced might 
have given rise to it. But sufficient evidence has been accumulated^’ to make 
it evident that, although hyperventilation may occasionally be found in NCA 
patients, it is not an initial etiological factor of any real importance in the pro- 
duction of the sjmdrome from which thej’" suffer. MacLean and his associates®’ ® 
have studied NCA patients and have suggested that the giddiness from which 
they suffer at diverse times might be due to a defect in the return of venous blood 
to the heart. Since no determinations of venous, pressure apparently were taken 
during their experhnents, no real evaluation of their findings is possible. 

In the present communication, the results are given of studies made con- 
cerning the incidence and the pathogenesis of giddiness in a group of forty-one 
young soldiers (average age : 26 years) suffering from neurocirculatory asthenia. 
They indicate that this symptom results from physiologic dysfunction of the 
cardiovascular system of these patients. It was found, too, that this phenomenon 
could be reproduced experimentally in susceptible individuals if a particular 
type of physiologic dysfunction were produced in them. 

experimental observations 

In the group of forty-one patients studied, twenty-nine, or approximately 
70 per cent of them, gave a history of experiencing frequently an unpleasant 
sensation, best described by the term giddiness. Questioning revealed that, 
although this sensation was experienced by some individuals under varied condi- 
tions, the majority of patients experienced their giddiness intermittently and 
only at those times during which they abruptly changed from the supine to the 
erect position. 

In five of our patients however, giddiness invariably occurred each time 
thej arose from the sittuig or supine position. In three of these five patients, 
this constantly occurring sensation had beeome so severe that they took particular 
care to rise quite slowly from the supine or sitting position. 

It was foimd that all giddy NCA patients differed clinically from patients 
with or thostatic hypotension in several important respects. For instance, the 
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former type of patient never exhibited any localized or generalized deficiency in 
perspiration or hj’potension, and the giddiness experienced was always transient 
occurring immediately after arising and disappearing in fi.ve to ten seconds. 
Purthei-more when giddiness was complained of by an NCA patient, it was ob- 
served that he also was suffering severely’- from other recognized symptoms and 
signs of the syndrome. 

Preliminary studies were made om three of tlic five patients who, as 
-related, invariably experienced giddiness on arising. These studies consisted 
of measuring their blood pressure, -venous pressure, and pulse rate and ob- 
serving the occurrence of giddiness before and during their assumption of the 
erect position after the supine position had been maintained for fifteen minutes. 
For puirposes of control, the same four observations were made on NCA patients 
without giddiness and on four young normal individuals. The venous pressure 
was determined by means of a direct puncture of the right antecubital vein mth 
an intravenous needle (18 caliber) attached by rubber tubing (30 cm. in length 
and 2 mm. in diameter) to a glass manometer (1 mm. in diameter). The entire 
apparatus was filled Avith 3.5 per cent sodium citrate solution. It was found that 
a stable determination could be obtained Avithin ten seconds. 

It Avas found (Table I) that, although the venous pressure fell about equally 
in the three groups on arising, giddiness was experienced only by the susceptible 
NCA patients. Quite significantly, too, it was obsen^ed (Table I) that, Avhereas 
the pulse pressure diminished but 33 per cent in NCA patients Avithout giddiness 
and 17 per cent in normal individuals, it had diminished 78 per cent in the giddy, 
NCA patients. The pulse rate also had increased disproportionately in the giddy 
patients as compared Avith the changes in pulse rate of the other two groups. 

The two remaining patients AA-ho invariably experienced giddiness on arising 
were examined fluoroscopically before and during their assumption of the erect 
from the supine position. Taa'o NCA patients without giddiness and two normal 
indiAuduals were likeAAUse observed. It Avas noted (Table II, B and C) that the 
subjects not susceptible to giddiness on arising shoAved little change on fluoros- 


, Table I. The Hesiodynasiic Effects of Abrupt ChaInge of Position in the Giddt NCA Patient, 
IN THE NCA Patient AVithoot Giddiness and in the Normal Individual 



1 SUPINE POSITION 1 

1 ERECT POSITION 

Hill 

CASE 

BLOOD 

PRESSURE* 

VENOUS 1 

PRESSURE t 1 GIDDINESS 

BLOOD 

PRESSUREt 

VENOUS 

PRESSTOEj 


AB 

135/85 

A. Giddy NCA Patients 

5.0 None 125/110 

3.0 

Severe 

ADBC 

115/80 

None 

110/105 

_ — - 

Severe 

ABCDE 

120/70 

8.0 None 

105/95 

0.0 

Severe 

Average : 

123/78 

6.5 

113/103 

1.5 


CDBA 

125/70 

B. NCA Patients Without Giddiness 

10.5 None 115/85 5.0 

None 

BDAC 

135/95 

4.5 None 

145/95 

0.0 

None ' 

ADCB 

120/75 

9.0 None 

110/90 

0.0 

None 

ACBDE 

115/75 

None 

115/95 


None 

Average; 

124/79 

8.0 

121/91 

3.0 



A-10 

125/75 

C. Normal Individuals 

8.0 None 115/70 

-1.0 

None 

A-11 

120/70 

8.0 None 

115/80 

0.0 

None 

A-12 

110/80 

None 

120/84 


None 

A-13 

135/80 

None 

130/82 


None 

Average: 

122/76 

8.0 

120/82 

2.5 

— 


tA'’cnous pressure In cm. of HzO as obtained by direct puncture of the right antecubital vein. 
JBlood pressure taken Immediately upon assumption of the erect position. 

SA'enous pressure taken Immediately upon assumption of the erect position. 
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copy other than a slight increase in rate of cardiac contraction, but the two 
giddy NOA patients (Table II, A) not only showed a marked increase in rate 
of cardiac contraction but also a sudden, abrupt decrease in the width and in 
the pulsatile excursion of the pulmonary’- arterj’- (conus) which lasted for several 
seconds. The pulmonary artery then -vvidened and was obseiwed to pulsate again ; 
the heart slowed and contracted more vigorously. The two patients complained 
of their giddiness a few seconds after the pulmonary artery Avas seen to narroAV; 
their giddiness was no longer felt after the pulmonary artery was observed to 
•widen and pulsate normally again. 

These findings of a marked decrease in pulse pressure together with 
fluoroscopic evidence of marked diminution in the "width of the pulmonary artery 
and in its degree of pulsation in those NCA patients experiencing giddiness on 
arising suggested that not only Avere abnormal hemodynamics observed to be 
present before the onset of giddiness but also that these same hemodynamic 
abnormalities might have led to cerebral changes which in turn gaA^e rise to 
the sensation experienced by these patients. However, besides the hemodynamic 
abnormalities occurring after abrupt change of position, the possibility existed 
that the vestibular apparatus also might have been reflexly stimulated in these 
giddy patients and that some actiAuty set up in this organ by such stimulation 
might have induced the giddiness. The last possibility later was eliminated, 
for it was foimd that giddiness could not be produced in susceptible patients 
either by flexing and extending the head upon the trunk in the erect or supine 
position or by making the patient quicldy assume the supine position after pro- 
longed standing. In short, the primary mechanism responsible for the abnormal 
sensation experienced by the giddy NOA patient appeared to be connected 
with some hemodjmamic dysfunction. AVliat Avas still undetermined Avas whether 
there Avas an abnormally decreased retuni of venous blood to the heart AA^hen the 
patient arose (as is supposed to occur in the patient Avith orthostatic hypo- 


Table II. The Fluoroscopic Examination of the Gidby NCA Patient, of the NCA Patient 
Without Gibdiness and of the Normal Individual, During Change of Position 
AND During the Performance of the Flack Test 


ASSUMPTION op THE ERECT FROM THE SUPINE POSITION 


jVBDC 

BDCA 

BDAC 

CDBA 


1^8 

E-7 

E-6 

B-5 

R-4 





DlillNU- 




DIMINU- 





TION IN 

VISIBLE 



TION IN 

■VISIBLE 


MEDIAS- 

INCREASE 

■WIDTH OF 

PULSATION 

MEDIAS- 

INCREASE 

■SVIDTH OP 

PULSATION 


TINAL 

IN 

PUL- 

IN PUL- 

TINAL 

IN 

PUL- 

IN PUL- 


COMPRES- 

HEART 

MON^VRY 

MONARY 

COMPRES- 

HEART 

MONARY 

MONARY 

CASE 

SION? ! 

RATE? 

ARTERY? 

ARTERY? 

SION? 

RATE? 

ARTERY? 

ARTERY? 


PERFORMANCE OF THE FLACK TEST* 


BA None 

AB None 

DBCA 

ABC 

CABD 

ABCD 

BACD 

ACBD 


Marked 

Marked 


A. Giddy NCA Pati-enis 
Marked Very little 

Marked Very little 


Marked 

Marked 

Slarked 

None 

hlarked 

Marked 

Marked 

None 

Marked 

Marked 

Marked 

None 

hlarked 

Marked 

Marked 

None 

Slight 

Marked 

Marked 

None 

Slight 

Marked 

Marked 

None 

None 

Marked 

Marked 

None 

Slight 

Marked 

Marked 

None 


B, NCA Patients Without Giddiness 
None Slight None "Cnchanged None Moderate 

None Slight None Unchanged Slight None 

Slight Slight 

Slight Sli ght 


None 

None 

None 

None 


None 

None 


Slight 

Slight 


C, Normal Individuals 
None Unchanged Marked 

None Unchanged Slight 

None 

Slight 

None 


Unclianged 

Unchanged 

Unchanged 

Unchanged 


Slight 

Slight 

Slight 

Slight 

None 


»Obser\'ations made from beginning of Flack test up to twenty seconds 


None 

None 

None 

None 

None 


Unchanged 

Unchanged 

Unchanged 

Unchanged 

Unchanged 


of continuous blowinpr. 
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tensioii*>), or whether there ivas an abnormal response of the cardiovasculav 
system of the susceptible patient to the normally decreased return of venous 
blood to the heart which occurs on assumption of the erect from the supine 
position. 

If the giddiness of the patients under observation arose from the hemo- 
djmamic effects originally initiated by decreased return of venous blood to the 
lieart, such giddiness should be induced by any measure compressmg the veins 
leading into the right auricle, thus inhibiting the venous return. To accomplish 
this reduction in Amnous retum, a modification of the Flack tesF® Avas used in 
AA-hich the patient sustained a mercury column at a level of 30 min. Hg for 
twenty seconds by bloAving into a rubber fube connected to the bottom of the 
receptacle containing the mercury. A reduction in venous return to the heart 
was accomplished supposedly by the resulting increase in intrathoracic pres- 
sure.® The advantage of this test was that it entailed no change in position, 
thus eliminating possible influences upon the vestibular system and tliat it also 
allowed sufficient time for various hemodjmamic measurements not able to he ob- 
tained in the previously described experiments. 

Nineteen patients with neurocireulatory asthenia (tivelve of Avhom gave 
a historj’- of v’eiy frequent giddiness on arising) and eight nonnal indwiduals 
AA’ere tested in the erect position. Six of the tAvelve giddy patients Avere tested 
also in the supine position. The presence or absence of giddiness, the blood, 
pressure, the venous pressure, and the pulse rate Avere determined before and 
during the performance of the Flack test. In some subjects, determination of 
the arm-to-tongue' circulation tirhe (calcium gluconate method) before and dur- 
ing the test also was obtained. 

Table III, A reveals that each of the tAvelve NCA’ patients who gave a 
liistory of experiencing giddiness complained of the same sensation during the 
Flack test, and declared that it Avas identical Avith that Avhich they usually had 
experienced on arising quickly. The control subjects, however (Table III, G and 
D),'Avith the exception of tAvo individuals (A-3 and A-8) experienced no sub- 
jective results other than a feeling of fullness in the head and neck during the 
test. 

IMoi'e important than the subjective sensations felt by these patients Avas the 
striking and differential reaction of their blood pressures during the test. For, 
although most NCA patients AA'ithout giddiness and normal individuals shOAved 
either no change or a slight nse in their systolic pressures after twenty seconds 
of bloAAing (Table III, G and D), a veiy slight decrease in systolic pressure oc- 
curred in nine of the giddy NCA patients (Table III, A). More significant Avas 
the striking rise of the diastolic pressure in the giddy patient (average rise: 30 
mm. Hg) during the test as compared to the rise in the NCA patients Avithout 
giddiness (aA’crage rise: 14 mm. Hg) and that in the normal individuals 
(aA'erage rise: 17 mm. Hg). This marked increase in the diastolic pressure of 
the giddy patients during bloAving resulted in an average pulse pressure of 8 
mm. Hg (Table III, A) and explained the disappearance of the radial pulse ob- 
serA'-ed and commented upon bj' jilastei*.” The great enhancement and the slight 
diminution noted in diastolic and .systolic pressures, respeetwely, of the giddy 
NCA patients during the Flack te.st must be taken as evidence that a marked 
peripheral arteriolar constriction must have occurred to have caused these 
pressure changes. It should be noted, finally, that these blood pressure changes 
oeetirring in the giddy NCA patient during the Flack test were similar to thoso 
observed when the same type of patient changed his position (compare Tables 
I. A, and III, A). 



PRIEDMAN : J:^I0L0GY AND PATHOGENESIS OP NEUROCIRCUEATORY ASTHENIA- 


-II 


329 


Table in. 


The HESiOBYNAMic Effects of the Flack Test ik the Giddy 'KCA Patient (ik 
Erect and Supine Position), in the NCA Patient ■Without Giddiness 

AND IN 'THE NORMAL INDIVIDUAL 


before flack test 


DURING FLACK test 


■K 


CASE 


B.r.t . ’ 

m 

1 PULSE§ 1 

CIRC. 1 
TIMElj 1 

GIDDI- 1 
NESS 1 

1 B.P. I 

v.p. ! 

1 PULSE 

CIRC. 

TIME 



A. Giddiy NCA Patients in Erect Position 




AB 

None 

145/90 

9.0 

88 

13 

Very severe 

125/118 

30.5 

130 

Over 30 

BA 

None 

130/88 

3.5 

84 


Very severe 

125/122 

25.0 

. 144 

— 

ABC 

None 

110/70 

8.0 

86 


Very severe 

105/103 

32.0 

120 

— 

BAG 

None 

135/90 

4.0 

82 

12 

Very severe 

160/150 

28.0 

132 

Over 30 

ABCD 

None 

125/85 

5.0 

90 

11 

Very severe 

115/108 

32.0 

144 

20 

ACBD 

None 

110/70 

6.5 

84 


Verj"^ severe 

105/100 

27.0 

102 

— 

CABD 

None 

120/80 



110 

— — 

Very severe 

122/118 

— 

132 

j 

BCDA - 

None 

120/80 

10.0 

84 

— — 

Very severe 

118/110 

31.0 

100 

— 

ilDBC 

None 

120/76 

2.0 

80 

— — 

Very severe 

112/105 

24,0 

120 

— 

ABODE 

None 

130/85 



90 

— — 

Moderate 

125/110 

— 

125 

— 

ACBDE 

None 

120/95 


80 


Moderate 

125/1'10 

— 

• 122 

— 

ABCED 

None 

135/95 


84 

— 

Very severe 

125/118 


120 

— 

Average : 


125/84 

6.0 

87 



122/114 

28.6 

124 




B. Giddy NCA Patients in Supine Position 




AB 

None 

140/80 

10.5 

80 


Vefy severe 

120/118 

36.5 

.120 

— 

BA 

None 

125/80 

8.0 

SO 



Very severe 

120/116 

33.0 

132 

— 

BAG 

None 

135/85 

10,0 

84 

— — 

Very severe 

150/145 

34.0 

128 



AGED 

None 

110/70 

9.0 

• 80 


Very severe 

105/95 

32.0 

110 

— 

ABCED 

None 

125/80 

— — — 

82 

— — 

Very severe 

138/132 



118 

— 

ACBDE 

None 

125/80 

— 

76 

— 

Severe 

125/115 

— 

116' 

— 

Average : 


128/81 

9.3 

80 



126/120 

33.9 

120 



C. NCA Patients Without Giddiness in Erect Position 


ABDC 

None 

135/70 

8.0 

SO 

11 

None 

135/90 

24.0 

90 

12 

CDBA 

None 

130/80 

8.0 

80 


None 

140/90 

22.0 

85 


BDCA 

None 

155/85 

10.0 

84 

32 

None 

155/100 

10.0 

96 


BDAC 

None 

145/95 

2.0 

96 

a.*. 

None 

155/105 

21.0 

132 


ADCB 

None 

135/75 

9.0 

88 


None 

135/90 

9.0 

96 


ACBED 

None 

115/75 

2.5 

72 


None 

115/95 

10.0 

132 


R-l 

None 

125/80 

5.5 

— 

— 

None 

125/90 

8.0 

— 

— 

Average : 


134/80 

0.4 

83 



137/94 

14.8 

105 , 





D. Normal Individuals 

in Erect Position 


' 


A-1 

None 

330/80 

6.5 

84 

12 

None 

125/90 

10.5 

92 

13 

A-2 

None 

135/90 

8.0 

80 

10 

None 

133/102 

10.0 

108 

12 

A.3 ■ 

None 

125/70 

6.0 

70 


None 

135/100 

32.0 

90 


A-4 

None 

115/80 

0.0 

80 

— — 

None 

125/90 

16.0 

88 



A-7 

None 

105/80 

4.5 

88 


None 

130/105 

15.5 

96 


A-8 

None 

115/85 

7.0 

84 


None 

130/105 

29.0 

94 


A-9 

None 

120/90 

2.0 

76 


None 

120/105 

18.0 

90 


A-10 

None 

115/65 

— 

— 

— 

None 

120/80 

— 



Average : 


120/80 


80 



127/97 

18.7 

94 



•All observations taken after twenty seconds of blowing. 
fBIood pressure in millimeters of mercury. 

tVcnous pressure (directly observed from right antecubital vein) in centimeters of water. 
SPulse rate per minute. , 

llCirculation time (calcium gluconate method) from arm to tongue. 


, In preliminarj'- experiments, during -which the blood pressure measurements 
were made before and five, ten, fifteen, and twentj’- seconds after the beginning 
of the Plack test, it -was found that the patients never experienced giddiness 
until their pulse pressures decreased below 20 mm. of mercuri'. It was found, 
in addition, that the intensit}- or severity of their giddiness was directly propor- 
tional to the decrease in pulse pressure. These observations suggested that 
peripheral arteriolar constriction preceded the giddiness and possibly played a 
part in the production of the sensation felt by these patients. 

The venous pressure was obtained as previously described in the three 
groups of subjects. After the control level had been established (within ten 
seconds), the subjects began the Flack test -with the pressure manometer still 
connected to their veins. It was observed that in all three groups, the venous 
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pressure began to rise after five seconds .of blowing. After approximatelj- 
fifteen seconds of blowing, however, the venous pressure of the normal subject 
and the NCA patient without giddiness ceased to rise and became relatively 
stable. However, the venous pressure of th^ giddy NCA patient was observed 
to continue to rise as long as the patient continued to blow against the mercurj- 
column, even if, as in some cases, the test continued for thirty seconds^ The 
measurements of the venous pressure shown in Table III, A, G, and D (recorded 
after twenty seconds of blowing) indicate that the average venous pressure of 
the giddy NOA patient (28.6 cm. HoO) wms approximately twice as high as that 
of the NCA patient -without giddiness (14.8 cm. HgO) and considerably higher 
than that of the normal individual (18.7 cm. HoO). It will be noted that in two 
of the normal subjects (Table III, D, A-3 and A-8), the venous pressure was 
high at the end of twenty seconds. Both of these individuals also -were found to 
experience giddiness at this time. Since many an otherwise normal young adult 
-will give a history of having experienced giddiness on arising, it is not surprising 
that considerable variation was found in the objective and subjective results of 
our control group of subjects, in relation to the venous pressure and sensation 
of giddiness. This rather suggests that the NCA patient -^vith giddiness differs 
quantitatively, not qualitatively, from the average indi^■idual, However, the 
far greater average rise in venous pressure in the giddy NCA patient during the 
Flack test indicates that, in them, the venous flow was either abnormally in- 
creased during blo-wing or that the test produced a greater obstruction to 
venous flow in the mediastinum of the giddy NCA patient. In -view of the 
fact that arteriolar constriction was present, it was assumed that there was a 
greater venous flow because of the consequent greater expulsion of blood from 
the arteriolar sj'stem, for no satisfactory reason could be found for assuming 
that the Flack test produced a greater mechanical obstruction in the mediastinum 
of the giddy NCA paient than it did in the mediastinum of the other types of 
subjects. It must be added, too, that perhaps there was constriction of the 
venules and capillaries in the giddy NCA patients during the test which would 
increase the venous flow also. However, no proof of this last assumption was 
able to be obtained. 

“When giddy NCA patients -were compared -with NCA patients -without gid- 
diness and -with normal indi-^iduals under the fluoroscope before and durmg 
the performance of the Flack test, it was found that not only did the heart rate 
of the giddy patient increase abnormally as compared -with the heart rate of the 
controls but also the pulmonary artery of the giddy patient was seen to narrow 
markedly and pulsatile excursions of the same artery could not be detected. In 
other words, the fluoroseopie observations of the giddy patient during bloTOng, 
like the blood pressure changes, -were similar to those folio-wing change of posi- 
tion (Table II, A ) . About five seconds after the puhnonarj’^ arteiy -was seen to 
narrow and apparently cease to pulsate, the patients complained of giddiness. 
When they ceased blowing, the pulmonary artery was seen to resaime its normal 
sixe and action. After a few seconds, the patients stated that they -were no longer 


giddy. 

In connection -with the fluoroscopic examinations, the determinations of the 
arm-to-tongue circulation time produced important results. For, whereas m two 
of the three giddy patients so tested (Table III, A) the arra-to-tongue time was 
less than thirteen seconds before blowing, no sensation could be perceived if the 
calcium gluconate were injected into the antecubital vein five seconds after 
blo-wing had begun even though the latter w'ere continued for thirty seconds. 
This observation, when considered -with the abrupt changes seen in the pifl* 
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monaiy artery during blo^ving, indicated quite conclusively that during the 
test very little or no forward how of blood occurred in these giddy patients; 
otherwise they would have felt the injected ealcium either in their tongues or 
elsewhere in their bodies. Wlien these same two patients ceased blowing, they 
felt the previously injected calcium in their tongues approximately six seconds 
after cessation of blovdng. This last observation suggested that the blood' con- 
taining the calcium had been impeded somewhere in the pulmonary circuit; 
otherwise the calcium would not have been felt in the tongue so rapidly after 
blowing had been stopped. 

DISCUSSION AND SUMMARY 

Since both the Flack test and abrupt change of body position presumably 
decreased the return of venous blood to the heart, temporarily at least, in all 
indmduals, it was not surprising to observe that the objective and subjective re- 
sults noted in the giddy NCA patients during the Flack test were similar to those 
following abrupt change of position. The intense pulmonic and systemic vasocon- 
striction observed in the giddy NCA patient in each tjqDe of test was not a reac- 
tion to an abnormally lessened venous return to the heart because it was found 
that the giddy patient during the Flack test showed a higher venous pressure in 
the antecubital vein than the normal individual, indicating that the venous return 
from the upper extremity at least was above normal. Furthermore, there was 
no abnormal decrease in venous flow from the lower extremities in these giddy 
patients for the hemodjmamic and subjective reactions of six such patients (com- 
pare A and B of Table III) during the Flack test were qualitatively and 
quantitatively identical whether they performed the test in the erect or supine 
position. This would not have been the case if there were an abnormally les- 
sened venous flow from the lower extremities in the erect position. For this 
reason it seems impossible' to escape the conclusion that the temporary and in- 
tense pulmonic and systemic vasoconstriction observed during the Flack test 
was due to a fundamental hyperirritability of the cardiovascular system of these 
patients to slight changes m the flow or pressure of venous blood returning to 
the right auricle — changes which in the normal individual evoke only slight 
and physiologically commensurate readjustments in the cardiovascular system. 

In a previous article,^^ the hyperthermia present in many NCA patients 
was described. It was deduced from these same studies that the hypothalamus 
was affected in some manner in these hyperthermic NCA patients. In the pres- 
ent studies, the profound and generalized vasoconstriction which occurred in the 
giddy NCA patient following maneuvers which caused no comparable effect in 
the normal individual suggests that the portion of the autonomic nervous system 
concerned with this vasoconstriction, namely, the sympathetic nervous system, 
was hjqierirritable or deranged in the giddy NCA patient. Since the main 
coordinating center of this portion of the autonomic nervous system lies wi thin 
the hjqjothalamus,^^ it is conceivable that this area of the brain may be involved 
in the pathogenesis of the giddiness found in the NCA patient. No direct proof, 
however, has been found to support this last conception. 
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PUETHER EVIDENCE POE THE PURELY VALVULAR ORIGIN OP' 
THE PIRST AND THIRD HEART SOUNDS 

William Dock, M.D. ’ 

Brooklyn, N. Y. 

A lthough the fact that the first heart sound is of purely valvular origin 
is stressed in recent texts on physiology and on heart disease,^ and has 
been borne out by many precisely recorded observations made recently, not all 
of the evidence in recent contributions has been emphasized in connection ivith 
this problem. On the other hand, evidence based on thoroughly unsatisfactory 
sound tracings has been interpreted as proving that there is an appreciable 
muscular element in the first and third sounds.^’ " Por a correct imdeistanding 
of physical signs, the matter is of sufficient importance to be discussed more 
fully. Most close students of heart sounds can agree with the discussion of the 
first sound presented by Wliite and his colleagues,^ based on their own work 
and on that of others. These careful students have found no evidence of audible 
vibrations due to the ventricular wall itself. 

Smith-’ = and his co-ivorkers present tracings of the movements of the 
ventricular surface of the dog's heart, some of which show, superimposed on the 
cardiogram, oscillations of low amplitude which undoubtedly are due to audible 
vibrations arising in the heart. These records all Avere obtained from the 
normally functioning heart. In these papers they present tracings obtained from 
the heart after cutting off venous inflow, filling the ventricular chambers Avith 
balloons, ligating aimind the A-V sulcus,- or immobilizing the valves with 
special devices introduced through the auricles.-’’ None of these tracings show 
any vibrations of audible frequency, except possibly one with a balloon in the 
ventricles. As rubbing such balloons lA'itli a ivet object is a standard trick m 
sound production, Imown to most children, this latter observation is not sur- 
])rising and is irrelevant to a study of the heart sounds. 

Slovements of the heart wall, Avhieh for the most part appear as single swing.s 
away from the base line, Avith durations of 0.08 to 0.28 second, are marked as 

P.f'ceivpd for puT}lic.ition Dec. IS, 1944. 
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''sounds/’ and on tlie, basis of this unwarranted identiacation it is concluded 
.that sigiiificant elements of the first and third sounds originate in the ventricular 
- wallitself. ■ ' ■ ", ' 

\ ' Since 16 cycles, or double vibrations, per second is given as the lower, limit 
of ' human hearing in audiometer tests, and since 12 cycles per second is acceiited 
bj’’ physiologists as the lowest pitched sound ever audible to, man, any such 
cardiac movements, with cycles of 6 to 1.8 per second, obviously are inaudible. 

; It may be true that the authors heard "dull” sounds -when they listened to 
' binaural stethoscopes attached to their recording s^^stem as these records were , 
. being inscribed, but this merely provas that puffs of air, in a closed system, can 
set the eardrums in vibration. 


Wiggers and his 'co-workers'’’ “ have carefullj’' studied the recording of heart 
sounds, and have sho^vn what acceptable records look like. , They have recognized 
the artifacts produced by applying funnels or diaphragms directly to the heart, 
and by not having an open system to obviate mechanical pressure waves. AU 
, these precautions were ignored by Smith and his eo-workers, and few of their 
records show adequate records of sounds, while movements of the heart lasting 
through half of the cardiac cycle are recorded as tall broad waves of far greater 
amplitude than any of the oscillations of audible frequency. Waves whose full 
Cycle duration would be 0.16 to 0.56 second cannot be regarded as sounds, for 
Iwhieh the shortest cycle length is, at most, 0.08 second. 


Boyer® had already proved that the third heart sound originated in the heart 
and not, as' had been suggested, from the heart’s striking the chest waU. He. 
showed that an oscillation of very low amplitude and frequency could be -.caused 
by the heart striking the diaphragm of the recording pickup, but this in no way 
resembled the third sound recorded from a cardiometer within which the heart, 
was suspended so that it could not touch the walls (Figs. 2, B and 2, 0®). 

Lewis and Dock" had recorded silent ectopic beats which occurred 0.02 
second after the second sound, and beats of similar electrocardiographic contour 
occurring. 0.10 second after the second sound but associated with veiy loud first 
sounds. This proved that in man the first sound does not occur during a systole 
which precedes the opening of the atrioventricular valves. They had shown that 
third heart sounds which varied during respiration wmre associated mth variable 
degrees of sudden diastolic retraction of the apex and presumably of reflux to- 
ward the auricle. Since the fii’st and third sounds are indistinguishable in 
quality, and either may exceed the other in' intensity, they concluded that tlie 
first, and third sounds originated in sudden tensing of the atrioA-entrieular valves, 
))y systole or by reflux. 


IMacLeod and Cohn,® using a piezoelectric piclmp and recording from the 
interior of the auricles and ventricles, showed that sound vibrations are recorded 
onljv very close to the semilunar cusps (second sound most intense) and in the 
atrioventricular opening (first sound only). Their system, designed to record 
pressure changes, is relatively insensitive to sound, and sho^vs how' rapidly the 
sounds fade as the piclmp moves into either auricle or ventricle from the valve 
area. Thus, for the first time, the points of origin of the first and second sounds 
have ben sharply and surely defined (Fig. 3, VI and Z®). 


Dock® had already shorni, using the recording sj'stem described by Wiggei-s 
that the first soundmf the dog’s heart disappeared when the venous inflow^ was 
arrested or the atrioventricular valves were immobilized by ligatures 'While 
, records iive unsatisfoctorv teclmieaUy, they confl™ these observations 
smco f.ha Vibrations of audible frequency in early systole of the normally beating 
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heart, apparent in Fig. 2 disappear at once on closing off the venous inflow 
(Pig. 2 B^). In Pig. 2 B at seq. only the cardiogi-am, ^^•ith oscillations of far 
less than audible frequency, remains. Thus Smith’s experiments actually 
confirm those done with appropriate methods of recording heart sounds. 

It cannot be too strongly urged that those who study heart sounds filter out 
the mechanical oscillations as far as possible, and that only double vibrations 
lasting 0.06 second or less be regarded as sounds. E-xperienec has shown that 
gallop phenomena can be I'ecorded when they are inaudible, so that in clinical 
study records of the vibrations of small intensity or subaudible pitch may he 
of real value. 

It is extremely doubtful whether the eai‘ ever detects the vibrations arisimr 
in the auricles and great vessels .iust before and after the main vibrations of the 
fir.st sound.'^ It is certain that variations in intensity and quality of the apical 
fi.rst sound are closely related and probably due'to variations in the intensity and 
’ synchronization of the ribrations which arise in early systole from siulde]! 
tensing of the right and left atrioventricular valves. Plinically then, the fir.‘.t 
sound is purely valvular. 

coxcnusioNS 

By recording sounds from the interior of the dog’s heart, MacLeod and 
Cohn sharply localized the atrioventrieulai- valves as the site of origin of the 
first sound and the semilunar valves as the site of origin of the second. Eapid 
vibrations also Avere recorded near the semilunar A'alvcs very early in systole. 

The site of origin of the third heart sound has not been determined will) 
precision, but as the sound occurs in normal dogs given rapid saline infasions. 
the technique of MacLeod and Cohn can easily be a])plied by those who douhl 
the eA-idence, from observations on man. that this .sound also arises in the atrio- 
ventricular A-alves. Xo experimental or clinical ])roof that any element of aiiA 
of the normal sounds has its origin in the ventricular Avail has yet been presented. 
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THE INTRAVENOUS ADMINISTRATION OF LANATOSIDE C TO ' 
PATIENTS TAKING j\IAINTBNANCE DOSES OF FOLIA 
DIGITALIS UP TO THE DATE OF HOSPITALIZATION 
WITH RECURRENT CONGESTIVE 
HEART FAILURE 

TniESKN Rav, M.D.;" Charlestok, S. C., and 
John S. LaDue, :M.D.,t New York, N. Y. 

INTRODUCTION 

I I' HAS been suggested by Gold and DeGraff* that patients with auricular 
fibrillation need larger maintenance doses of digitalis when they are on the 
verge of, or in, congestive heart failure. Fahr and LaDue“ demonstrated the 
need for higher maintenance doses of lanatoside C during the period of failure 
in patients with auricular fibrillalion. Eight patients rcciuired an oral dose oi 
2.5 mg. to keep the heart rate below 80 while signs of heart failure were present, 
but 1 mg. to 0.5 mg. sufficed when these patients had established compensation. 
As yet, we have no adequate means of detci-mining whether the patient with 
heart disease associated with regular sinus rhythm is receiving maximal ther- 
apeutic doses of digitalis. It seemed worth-while to us. Iherefoj’e. 1(^ determine 
tlie therapeutic and toxic effect of the intravenous administration of lanatoside C 
(Cedilanid) to patients who developed .congestive heart failure while taking' 
maintenance doses of 0.1 to 0.3 Gm. of folia digitalis. 

Many authorities strongly advise agaimst the intravenous administration of 
cardiac glycosides to any patient who has taken digitalis within the preceding 
ten days,'"' since uncontrollable nausea and vomiting, extra.systoles. pulsus 
bigeininus, ventricular tachycardia, ventricular fibrillation, heart block, or 
cardiac standstill may result. 

However, during the course of a previous study.- intravenous injections of 
lanatoside C were given without toxic manifc.stations to .several patients who 
erroneously denied previous digitalis dosage. Hence, we decided that this prob- 
lem wa.s worthy of further study. 


il ETllOD 


Thhly-ouc patients nitli i;onge.«tivo heart failure weie given O.S mg. (half the digitalixing 
(lose'-) of lanatosiflc C intravenously, (le.'-pite the fact that they had been taking 0.1 to O.." 
(tm. of folia digitalis daily for periods of weeks or months before the current admission. 
Twenty-two patients were given 1.2 mg. of lanatoside C. intravenously, and nine patients 
received 1.(5 milligrams. Of these sixty-two jialients, thirteen had auricular fibrillation with 
apical ptilse rates from HO to 140. and forty-nine had congestive heart failure associated 
witli regular sinus rhythm. All had venous pres.sures greater than Id cm. of water on 
admission, and most of them had heart failure of liigh degree. 


Fifty-one of the patients were between the ages of 41 and 80 years; thirtv-seven were 
colored, and twenty-tlve weio white. Forty-one had hy;iertensive heart disease; eleven had 
arteriosclerotic heaif diM-ase; eight had .--yphilitic hettif di.-.ense: and two had rheumatic heart 
disease. 


Pie-scnted at the lC:ist«‘in .'^tolionul Meeting of the Aniericrm 
Ko.search, Dee. 9, 191f. 
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Daily mea&uiements were made of the venous, pressure, Adtal capacity, and circulation 
time; the degree of pulmonary and peripheral congestion; the degree of dyspnea, orthopnea 
and cyanosis; together with clinical notes concerning the heart rate, rhythm, and size, as well' 
as the subjective state of the patient. No diuretics or other drugs were given except seda- 
tives as needed for rest or relief of cough or pain. Fluid and salt intake was not restricted. 
Electrocardiograms were made on admission and the day after the intravenous administration 
of lanatoside C when possible. Maintenance doses of from 0.1 to 0.3 Gm. of folia digitalis 
were started six to twelve hours after the injection of the cardiac glyco.side. 


RESULTS 

Table I summarizes the data obtained from all sixty-two patients. TMrty- 
six of the forty-nine patients with heart failure associated with regular sinus 
rhythm responded to the medication with a prompt stabilization of the venous 
pressure within two. to six days. By stabilization we mean that the venous pres- 
sure fell significantly, reaching 10 cm. of water or lower, and the circulation 
time fell to a-constant level, usually 16 to 28 seconds. In every instance, the pre- 
riously elevated venous pressure and circulation time fell to levels approaching 
normal. 


Table I’" 


KUMBER OF PATIENTS WITH 

DOSAGE 

OF 

LANATO- 
SIDE' C 

DAYS FOR STABILIZATION 
OF CERTAIN CRITERIA OF 
CONGESTIVE HEART 
FAILURE 

NUMBER OF PATIF.NT.S 

AURICU- 

LAR 

FIBRIL- 

LATION 

REGU- 

LAR 

SINUS 

RHYTH.H 

ECG EVIDENCE 
OF DIGITALIS 

(MG.) 

CIRCU- 

LATION 

TIME 

VENOUS 

PRES- 

SURE 

DYSP- 

NEA 

AND 

3RTHOP- 

NEA 

SHOW- 

ING 

NO IM- 
PROVE- 
MENT 

WITH 

TOX- 

ICITV 

FATAL- 

ITIES 

BEFORE 

AFTER 


6 

25 

9 

10 


6.6 


5 

3 

0 

6 

16 

12 

7 

1.2 

5.8 

6.8 

4 

2 

1 

1 

8 

3 

3 

1.6 



4 




*Thls is a summary of the data obtained from all slxty-two patients studied. See text. 


Table II* 


p.\- 

TIENTS 

WITH 

AURICU- 

LAR 

FIBRIL- 

IJlTION 

DOSAGE 

OF 

LANATO- 
SIDE C 
(MG.) 

VENTRICULiVR RATES 

DAYS FOR ST.VBILIZATION 
OP CERTAIN CRITERIA OF 
CONGESTIVE HEART 
failure 

NUMBER OF PATIE.N'TS 

120- 

140 

100- 

120 

90- 

100 

GO 

1 

CIRCU- 

LATION 

TIME 

VENOUS 

PRES- 

SURE 

DYSP- 

NEA 

AND 

ORTHOP- 

NEA 

SHOW- 
ING NO 
RE- 
SPONSE 

IVITH 

TOX- 

ICITY 

fatal- 

ities 


0.8 

1 

2 

2 

1 

6.5 

7.0 

6 

O 

1.2 

3 

3 



5.0 

5.6 

4 

0 

1.6 


1 



5.0 

5.0 

4 

0 


♦This is a summarj' of the data obtained from thirteen patients with auricular fibrillation. 
See text. 


Table III* 


PATIENTS 1 
WITH 
PHIGULAT. 

SINUS I 

RHYTHM 

DOSAGE 

OF 

LANATO- 
SIDE C 
(MO.) 

DAYS FOR ST^VBILIZATION OF 
CERTAIN CRITERIA OF CONGESTIVE 
HEART FAILURE 

NUMBER Or PATIENTS 

CIRCULA- 

TION 

TIME 

VENOUS 

PRESSURE 

DYSPNEA 

AND 

ORTHOP- 

NEA 

SHOVHNG 

NO 

RESPONSE 

WITH 

TOXICITY 

FATAI/- 

tties 

25 0.8 5.8 7,1 4.4 1 0 

1C 1.2 5.5 5.8 4.2 2 1 3 

S 1,6 8.7 8.0 6.0 0 0 ± .. 


•This Is a Fummarj' of the data obtained from forty-nine patients vlth regular olnui 
rhj thm. See text 
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Tables II and III present the same data separately for patients mth auricu- 
lar fibrillation and for patients vnth. regular sinus rhythm. Most of the discus- 
sion in the text, except as noted, refers to Table I. 

If ve compare the rapidity of response in these patients (all had initial 
venous pressures above 15 cm. of "water) with that of a previously studied group 
of patients with regular sinus rhytlmi (Table IV) , it "wilL be seen that the venous 
pressures of the thirty-six patients now under discussion fell much more rapidly 
than did those of a “control group” of patients with comparable degrees of heart 
failure who were given no digitalis. This control group was a series of twenty- 
four patients who received no cardiac glycoside duiang their hospitalization. 
We feel, therefore, that the response of these thirty-six patients could not be 
attributed to bed rest alone. ^ 


Table lY’". Noknal Sinus Rhythm* 


THERAPY 

TOTAL 

NO. 

OF 

CASES 

AV. NO. OF 
DAYS FOR VEN- 
OUS PRESSURE 
TO FALL TO 8 
CM. WATER 

AY. NO. OP 
D.VYS FOR 
ONSET OF 
DIURESIS 

AV. NO. OF 1 
DAYS FOR SIG- 
NIFICANT RISE 

— 30%— ' 

IN VITAL 
CAPACITY 

.W. NO. 
OF DAYS 
IN BED 

i 

AV. NO. 
OF days 
IN HOSPI- 
TAL 

MOR- 

TAL- 

ITY 

% 

Venous Pressure > 15 Cm. of Water 

Control 

24 

14.8 (14) 

6.4(12) 

13.0(11) 

24.1(12) 

27.4(13) 

41.7 

Lanatoside C ' 

54 

4.5 (39) 

i 3.3(31) 

8.5(32) 

12.2(33) 

39.5(27) 

25.9 


Fenovs Pressure < 15 Cm. of Water 


Control 

Lanatoside C 

18 

11 

3.7 (12) 
2.1 (10) 

3.3(11) 
3.0 ( 6) 

31.6(9) 

6.2(6) 

10.3(12) 

11.4(11) 

18.4(14) 

18.8(11) 

22.2 

0.0 

Lanatoside Delayed 

Control period 
After lanatoside 

21 

21 

>17.1 (16) 
3.1 (16) 

>17.1(16) 

3.0(13) 

>17.1(16) 

7.3(11) 

10.4(13) 

19.7(12) 

23.8 

VENOUS PRESSURE AURICULAR FIBRILL.ATION 

>15 cm. of water 
<15 cm. of water 

67 

35 

3.4 (47) 
2.8 ( 8) 

2.3(38) 8.0(40) 

2.3(13) 10.5(13) 

15.6(34) 

15,2(24) 

25.7(30) 

23,9(21) 

22.4 

11.4 


‘This is a summary of data previously obtained from 188 patients wiUi congestive heart 
failure.® None of these patients had taken digitalis for at Jeajst three weeks befoi'e hospital 
admission, and all received lanatoside C within twelve to twenty-four hours after entering tlie 
hospital except In the Ijanatoside Delayed series. Patients in this series were' given the drug 
after an average of seventeen days in the hospital without digitalis therapy. The numbers 
within^ parentheses Indicate the total number of cases from which each average used in the 
stetisucal analysis was obtained. The average number of days is reckoned from the time of 
admission to the hospital in all cases except in the Lanatoside Delayed series. In the latter, 
the average number of days is computed from the time the administration of the drug was 
begun. The control group of patients were not given digitalis at any time during their hos- 
pital stay. Reprinted from the .Vxt. Heart J. 31; 138, 1941. 


Ten of the thirteen patients with auricular fibrillation responded equally 
well to the intravenous administration of lanatoside C, whether the heart rate 
was 140 or 90 (Table II). Four had rates between 120 and 140; six had rates 
between 100 and 120 ; and two had rates between 90 and 100. One patient with 
an initial apical i ate of 60 showed marked improvement following administra- 
tion of the drug, as his case liistory illustrates: 


O. W., a (iS-year-old colored man witli a liistoiy of hypertensive heart disease of six 
years’ duration, was admitted complaining of increasing dyspnea, orthopnea, and edema of 
thirty days’ duration. He stated that ho had been taking 0.1 and 0.3 Gm. of folia digitalis 
on alternate days for a year. He appeared moderately dyspneic, or(hopneic, and cyanotic, and 
rales were heard at both lung bases. His heart was enlarged; the rate was 60 beats per 
^uto; and the rhythm was apparently regular. There was an apical systolic murmur. The 
blood pressure was lSO/100; the liver was enlarged and tender; and there was a 2 plus pitting 
edema of both extremities. He was given 0.8 mg. of lanatoside C intravenously and responded 
witliin ten days with dwappearance of the signs and sjmptoms of congestive heart f aUure 
An electrocardiogram taken shortly before the drug was administered showed auricular fibrilla- 

r ^Gteeted during physical examination. Thi.« patient manifested no 

Hgns of uiptah? mtoxicatioii. 
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Except in this one inst^ce, we did not give patients with auricular fibrilla- 
tion and apical rates below 90 lanatoside C intravenously. We might have used 
the atropine sulfate test described by Gold and his co-workers* to aid in de- 
tennining if such patients should be given lanatoside G. These investigators 
state that an acceleration of more than 15 to 20 beats per minute in the heart 
rate within fifteen to thirty minutes after the injection of 2 mg. of atropine 
sulfate indicates that the optimal dosage of digitalis has not been administered. 
The control of the heart rates of patients with auricular fibrillation on main- 
tenance doses of digitalis is twofold. When the heart rate accelerates following 
atropine, this indicates that vagal stimulation is responsible for the slow heart 
rate. In the adequately digitalized patient with auricular fibrillation, the heart 
rate fails to increase following the injection of atropine because digitalis is acting 
^not only upon the vagus but also upon the myocardium itself. 

The five patients who are designated in the charts as haring shovm no im- 
provement failed to evince persistent clearing of their heart failure after twenty- 
five to fifty days. All were then given diuretics in addition to digitalis. These 
patients were discharged, or deserted, wdth minimal but definite evidence of per- 
sistent decompensation although they were^ much improved. They w'ere fol- 
lowed in the clinic and w’^ere advised to take 0.2 to 0.3 Gm. of folia digitalis 
daily. This enabled them to staj’- at home for long periods before their symp- 
toms again forced them into the hospital. Most cardiologists are familiar with 
the problem presented by this type of patient w'ho is never free of the signs and 
symptoms of congestive heart failure, but "who, vuth a minimum of physical 
activity, can remain fairly comfortable at home while taking digitalis. 

Of forty-four patients who had electrocardiograms taken before and after 
the administration of lanatoside C, twenty-four showed “digitalis effect” before 
the drug wms given. The electrocardiographic evidence of digitalis was more 
pronounced in some instances after lanatoside C had been given, and the effect 
on the ventricular gradient of these patients is under study. The twenty other 
patients showed electrocardiographic effects only after receiving lanatoside 
C. At present it is our belief that electrocardiographic evideiice of digitalis 
intake is not an index of maximal therapeutic dosage of the drug. 

Only one of the sixty-two patients evidenced a toxic reaction to the intra- 
venous administration of lanatoside C. This patient was a 64r-year-61d colored 
man who had taken digitalis intennittently for seventeen year’s. At the time 
of this admission, he gave a history of six weeks’ progressive distress from 
dyspnea, orthopnea, and swelling of the legs and abdomen. He stated that he 
had been taking 0.1 Gm. of folia digitalis daily. He was dyspneie, orthopneic, 
and cyanotic, his neck veins rvere distended, and rales rvere heard at both lung 
bases. On the right, an area of dullness extending from the tenth to the si-xth 
rib was noted. His heart was enlarged; the rate rvas 96; and the rh.rihin 
regular’. A s 5 ^stolic mrrrmur was heard over the entire precordium; the pulmonic 
second sound was greater than the aortic second sound; and the blood pressure 
was 120/90. The liver rvas felt 8 cm. below the costal margin in the midclavieu- 
lar line, and there was a 2 plus pitting edema of the extremities. His electro- 
cardiogram showed left bundle branch block and evidence of digitalis effect. 

He was given 1.2 mg. of lanatoside C and within thirty minutes developed 
nausea, emesis, blurred vision, cxtrasystoles, and pulsus bigeminus. He vas 
then given 2 mg. of atropine sulfate intravenously in an attempt to eountcraci 
these effects,-’ and thir’ty-six hours later most of the toxic manifestations hai 
disappeared. 



RAY AND lA DUE; ^TNTRA\a:>rOTJS ADJ.IJNIRTRATIOX OF LAXATOSIDE C 

It was later learned from the patient's wife that, instead of taldng 0,1 Gm. 
of folia digitalis daily, as he had told ns, he had in reality been getting 0.5 to 

0.7 Gm. orally for seven days before his admission to the hospital, and had 
“lost weight" and “looked better” during that week. Had the true histoiy’ 
been known, this toxic reaction would not have occurred, since no one would 
attempt intravenous digitalization of a patient already taking such large 
amounts of digitalis. 

Of the sixty-two patients, eleven or 17.7 per cent died. This mortality is 
relatively small if compared with that pretyously observed^ in a study of pa- 
tients who were not taking digitalis when their heart failure occurred. In Table 
IV, from this premous study, it will be seen that, of fifty-two patients with reg- 
ular sinus rhythm, 25.9 per cent died and, of sixty-seven patients ^vith auricu- 
lar fibrillation, 22.4 per cent died. All these patients had initial venous pres- 
sures above 15 cm. of water, as did the sixty-two patients currently reported. 

Nine of the eleven patients died four to thirty days (average fourteen days) 
after the intravenous administration of lanatoside C. and it is unlikely that in- 
jection of the drug had any relation to the cause of death. IHvo patients died 
eighteen hours after intravenous administration of 0.8 mg. of lanatoside 0; one 
of these had a cerebrovascular accident, the other expired in his sleep with no 
known pre-agonal episode. It is possible that the death of this patient might 
be ascribed in part to the administration of lanatoside C, but it is equalty likely 
that it was unrelated to the drug. 


DISCUSSIOX 

The lack of toxic reactions and the definite evidence of improvement follow^- 
ing the intravenous administration of lanatoside C to patients taking main- 
tenance doses of folia digitalis ])efore and during the development of congestive 
heart failure suggest several conclusions. Since the rate of improvement was 
more rapid than that to be expected from bed rest alone, it seems obvious that 
these patients w'ere not receiving adequate therapeutic amoimts of digitalis. A 
combination of factors may explain the tolerance of these patients to the intra- 
venous administration of lanatoside C — the need for more digitalis W'hen heart 
failure occurs, no matter what the precipitating cause, plus the possibility that 
the destruction and elimination of the digitalis accimiulated during the previous 
period of “digitalization" contributed to the onset of congestive failure. 

Prom our results, it w'ould seem to be reasonably safe and usually of 
therapeutic benefit to give 0.4 to 0.8 mg. of lanatoside C intravenously to pa- 
tients who develop congestive heart failure while taking maintenance doses of 
from 0.1 to 0.3 Gm. of folia digitalis. 

Finally, this study indicates that the mere finding of “digitalis effect" in 
the electrocardiogram is apparently not proof that the patient is receiving ade- 
quate therapeutic doses of the drug. 

COXCLTJSIOXS 

1. The intravenous ‘administration of from one-half to the full digitalizing 
do.se of lanatoside C to patients developing congestive heart failure while taking 
maintenance doses of Digitalis purpurea was followed by definite improvement 
in forty-six of the sixty-two patients so treated. 

2. Objective evidence of improvement was shown by thirtv-six of forty-nine 

patients with regular sinus rhythm and by ten of thirteen patients with aurVular 
fibrillation. 
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3. There was only one toxic reaction among the sixty-t^vo patients. 

4. The presence of electrocardiographic evidence of “digitalis effect” is 
not proof that therapeutic amounts of digitalis are present in the body. 

5. The mortality of the patients studied was no gi’eater than that previously 
observed in a group of patients with heart failure of comparable severity who 
had not been taking digitalis within three w^eeeks prior to intravenous digitaliza- 
tion. 

6. None of the deaths occurring during this investigation could be at- 
tributed to the intravenous administration of lanatoside C. 
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ADDENDUM 

Since submission of this manuscript, thirty-five patients with regular sinus 
rhythm and fifteen patients with auricular fibrillation have been added to the 
series. There were no toxic manifestations in the patients with auricular fibrilla- 
tion; six of the patients with regular sinus rhythm developed transient toxic 
reactions. Thus, of 104 patients with regular sinus rhj'thm, seven, or 6.7 pci 
cent, developed nausea, emesis, and occasional extrasystoles. None of the pa- 
tients with auricular fibi’illation experienced toxic reactions, and no deaths 
could be attributed to the admini.stration of the drug. 



THE HIPPEEENTIATION OP NORlilAL PROM ABNORMAL Q WAVES 

Ema^juel Goldberger, M.D. 

Bronx, N. Y. 


A lthough analysis of each of the deflections of the QRS complex has 
always interested electrocardiograph ers, the criteria of Pardee and 
others^’ ® for the differentiation of normal from abnormal Q waves, and the 
importance of initial QRS deflections in the diagnosis of myocardial infarction 
have served to stimulate search for the mechanisms responsible for both nor- 
mal and abnoianal Q waves. Part of the difficulties encountered in the study 
of the Q wave has centered around the definition of Q. As generally inter- 
preted, the Q wave is an initial downward deflection, followed by an upward 
deflection, in any lead. However, in manj’^ cases, especially in Lead III, a 
small, and sometimes insignificant, upward deflection can be found preceding 
the main downward deflection. ]\Iaiiy observers have ignored this initial 
upward deflection in tlieir studies and have called the main downstroke Q. 

For the purposes of this paper, the Q wave shall be defined as an initial 
downstroke. If this deflection is preceded by an upstroke, no matter how 
small, so long as it is visible with the naked eye, this initial upstroke is an R 
wave and the downstroke which follows is an S deflection. If the QRS com- 
plex consists only of a downstroke, this may be labeled a QS wave, but we shall 
analyze it in the same manner as the ordinary Q wave. 

Another difficultj* which is encountered in study of the Q wave lies in the 
fact that the initial doviistroke may be produced by many factors. In the 
.standard leads, which record the difference between the -potentials at two 
extremities, the record is taken in such a manner that when the initial potential 
of the right arm is i-elatively positive to the initial potentials at the left ann 
and left leg, the initial deflections in Leads I and II will be downward. This 
initial downstroke is, of course, a Q wave. In Lead III, a Q deflection is ])ro- 
duced when the initial potential at the left arm is relatively positive to the 
initial potential at the left leg. Since this is so, a Q wave in any of the stand- 
ard leads may be inuduccd by five different combinations of potential at the 
two extremities. For example, Q, may be produced by: (1) An initial nega- 
tive potential at the left leg and an initial positive potential at the left arm, 
(2) An initial negative potential at the left leg and an initial zero potential 
at the left arm, (3) An initial zero potential at the left leg and an initial posi- 
tive potential at the left arm, (4) An initial positive potential at the left leg 
and an initial positive potential at tlic left arm (in such a case tlie left arm 
potential is more positive than that at the left leg), and (5) An initial nega- 
tive potential at the left leg and an initial negative potential at the left arm 
(in such a case the left arm potential is less negative than that at the left leg). 
On theoretical analysis, therefore, we reach the interesting conclusion that a 
Q wave in a standard lead may occur euca if the initial potentials at both 
extremities arc positive. 

It therefore becomes obvious that study of the Q wave by means of stand- 
ar^ads leaves much to be desired, Poitunately we are not limited to the 
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use of standard leads alone, nor to tlieoretieal analysis of the potentials M 
each of the extremities, because, ■\nth a vei-y simple technique, the actual 
unipolar extremity potentials can he recorded,® and the mechanisms which 
produce Q Avaves can be more, exactly studied. Fig. 1 , for example, illustrates 
. two variations in unipolar extremity Jead potentials wliieh can produce a Q, 
deflection. In Fig. - 1 , a, the Q 3 wave occurs because of an initial negative 
deflection in the left leg lead and an-initial positive deflection in the left am 
lead. However, in Fig. 1, h, although a Q 3 deflection is present, the initial 
potentiab at both the left, arm and left leg leads are actually positive. Because 
'this is so, it Avould- appear that study of the Q wave resolves itself into tAvo 
problems at least: ( 1 ) an analysis of the actual potentials at each extremity 
Avhieh cause the various Q-Avave pattems, and (2) an attempt to define the.Q 
' wave, if possible, in teims of the spread of the initial activity AAuthin the heart. 
We have used both these approaches in the folloAAung report. 



Fig. 1. — Two different mechanisms which can produce a Qj wave, a, A c^e of pos- 
terior infarction ; N. L.. male, 61 years of age. A normal heart ; J. B., m^c, 65 years oi 
■ age. I/.Ami, R.Arm, and L.Leg represent unipolar extremity leads taken with the autnor.-> 
tecliniquc.^ 

ALATERLAL AND TECIIXIQUK 

For this paper I I'eAdeu-ed the electrocaz-diograms of more than fii’c hundred 
cases from our files. These included the recoi’ds of tAvo hundred normal sub- 
jects and patients Avdth normal-sized hearts; tAvo hundred patients Avith cardiac 
hjqiei’ti’ophy (thickening of the right or left A'cntricle, or both) ; one bundled 
cases of myocardial infarction; and fifty cases of bundle branch block. In 
most of these cases, multiple unipolar prccordial leads had been taken in addi- 
tion to the unipolar extremity leads and standai'd leiids. The unipolar Icad.s 
'Avere taken AA'ith the author’s indifferent electrode of zero potential,*' and the 
author’s technique of obtaining augmented unipolar extremity leads AA*as used. 
In addition to this, multiple unipolar leads from tAA'cnty or more points on 
the surface of the body Avere taken in seventy-five of the cases. 

METHOD AND RE.SULTS 

Although it is pos.sible, as I pointed out, for a Q wave to appear in a 
standard lead, even if the initial potentials at both extremities arc positive, 
I found as a genenil rale that : (a) Q, was usually a.ssociatcd Avilh a Q 
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in the left arm lead (Q-LA), especiaHy if a Q wave was absent in ^^^ad HI, 
and (b) was usually associated with a Q wave in the left leg lead (Q-LL), 

V especially if a Qo was also present. Exceptions to these niles Avill be found 
throughout the paper. 

In my study of the origin of the Q wave I used a method of analyzing the 
QRS complex in terms of the spread of the impulse through the ventricles which 
depends on the following physiologic principles, which are valid when the elec- 
trical activity of the heart is studied with unipolar leads;®’ ‘ (1) An electrode 

facing a region to which the electrical activity is spreading vdll record a positi\o 
deflection. (2) An electrode facing this same region, but in the direction from 
Avhich the impulse is passing, will record a negative deflection. (3) If the im- 
pulse runs at right angles to an axis formed by dravdng a line from the electrode 
to the region of electrical activity, the electrode will not record the electrical 
activity.®’ ® (4) Within the ventricles, the electrical activity spreads from the 

subendocardial region outward to the epicardium of both ventricles, so that the 
endocardium tends to be negative throughout the entire QRS complex.^®’ ” 
Statement 4 does not take into account the electrical activity of the interven- 
tricular septum because it has been assumed in the past that the impulse also 
.spreads from the endocardium on both sides of the septum inward, thereby 
nullifying the electrical effects of the septum.^- 

We believe, however, that the left side of the interventricular septum is 
activated earlier than the right side and that the spread of the impulse through 
the septum from left to right is the basic cause of the Q wave in the human 
electrocardiogram. The follo'wing observations support such a concept: 

The Relationship Between the Normal Electrocardiogram and the Patterns 
of Right Bundle Branch Bloch . — 

A. Even if we assume the problem of septal activation in the nonnal heaif 
to bo unanswered, no one can question the fact that in cases of right bundle 
branch block the left side of the septum is activated earlier than the right side. 
Therefore a unipolar lead placed on the chest in such a position that it faces 
the right side of the septum Avill record this initial septal activity with an 
initial positive deflection. Similarly, a unipolar lead taken from a point on 
the chest facing the left side of the septum will record this initial septal activ- 
ity with an initial negative deflection (Fig. 2, a). In addition to these initial 
deflections, the precordial leads in cases of right bundle branch block have the 
following characteristics:" (a) Precordial leads near the sternum, which face the 
right side of the septum, have an M-shaped QRS complex, (b) Preeordial leads 
which face the left side of the septum have a W-sliaped QRS complex, although 
the initial Q wave is often small and inconspicuous, (c) Although bundle branch 
block is usually not considered to be present until the QRS intei-val exceeds 0.12 
second, it is well knovni that cases of right bundle branch block may have a QRS 
interval which does not exceed 0.1 second.’- In my series of records from normal 
subjects or from patients wthout lieaif disease (dctennined on the basis of hi.s- 
lovy. physical examination, and x-ray study) I found ten cases in which the 
preeordial leads were very similar to the patterns found in right bundle branch 
block. Four of these cases are illustrated in Fig. 2. An M-shaped QRS complex 
is present in preeordial Lead V, .(Fig. 2,6), and in Leads V, and V, (Pig. 2,c 
and d). A W-shaped QRS complex is present in preeordial Leads V V V 
and Ffl (Pig. 2,6) ; Leads V., and IQ (Pig. 2,c) ; and Lead IQ (Pig. 2,^)."* The 
patteras in the standard and unipolar extremity leads cap be correlated with 
these preeordial lead patterns if one remembers that, when the heart is hori- 
zontal, the left arm lead and Lead I tend to resemble leads facing the .surface 
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of the left ventricle; and when the heart is vertical, the left leg lead and Leads 
n and in tend to resemble the precordial leads facing the left ventride/' 
Therefore, in Figs. 2,b, c, and d, the left arm lead and Lead I have a Q deflection. 
In Fig. 2,d, the left leg is also facing the left ventricle, and the left leg lead and 
Leads II and III also have Q waves. Although an Hl-shaped QRS complex in 
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tlie first tsvo precordial leads is not ordinarily seen in tlie normal electrocardio- 
gram, nevertheless in cases where the first two precordial leads show the nsual 
pattern, the hl-shaped QKS complex can often he seen in nnipolar leads taken 
higher on the anterior chest waU, such as over the sternum at the level of the 
second intercostal space, Fig. 2,e, shows such a record. 

B. The histological studies of Slahaim’^ support such a concept, as does 
recent interpretation of the standard leads on the basis of vector analysis.^"* 

C. Experimental records obtained from "within the ventricular caAdty of 
dogs often exhibit a small upward deflection preceding the main negative 
deflection when the electrode is placed within the right ventricular cavity, 
and it^vas suggested some years ago that this small upward deflection might 
be due to earlj’’ activation of the left side of the septum in advance of the 
right side.^^ 

D. A small R wave is found in human beings in precordial leads close to 
the sternum,’® whereas in one or more of the precordial leads over the left side 
of the chest a small Q wave may usually be observed. 

E. Finally, we may point out that a Q wave and an S waVe, such as Fig. 
2,c, shows, in the standard leads is considered one of the basic characteristics of 

, the normal standard lead electrocardiogram. ^ 

■\Ye may therefore conclude that in a normal heart, at least, a Q wave in 
a unipolar lead is due to the fact that the left side of the interventricular 
septum is the first region of the heart to be activated. It should, however, be 
remembered, as I emphasized in the introduction, that if an electrode lies on 
the same plane as the septum, for example, the initial impulse which is pass- 
ing at right angles to this plane will not be recorded by the electrode so placed. 
Consequently not every initial impulse, either positive or negative, even if 
recorded by unipolar leads, can be said to be due to septal activity. Therefore 
with the exception of this condition, a Q wave should be found in all unipolar 
leads which face the left side of the septum, and an initial positive deflection 
should be found in those unipolar leads which face the right side of the septum. ' 

To theorize further, two tjqies of unipolar leads with a Q wave can be 
anticipated: (1) Leads facing the endocardium of the left ventricle and the 
left side of the septum should display not only a Q wave but a downward main 
QES deflection. Thus, the QRS complex might consist of a QS deflection. (2) 
Leads facing the left side of the septum and the epicardial surface of the left 
ventricle should display an initial Q wave due to septal activity, followed by a 
high R wave due to the spread of the impulse outward through the left ven- 
tricular wall. In an attempt to confirm this concept I studied the initial deflec- 
tions in a series of seventy-five eases in each of which twenty or more uni- 
polar leads had been taken from the surface of the body. 

Before discussing the results, however, it should be emphasized that in 
all studies on the distrilmtion of potentials from the surface of the heart to 


*We dp not -nish to imply by this statement Uiat the entire deflection of such an initial 
H wave is due to septal activity, because part of it is due to tlie wave of acUvation n^simr 
outward through the free wall of the right ventricle.^= anon passing 


. illustrating the relations between normal electrocardiograms and the pat- 

tern of right bundle branch block, o, right bundle branch block; R. B., female. 67 years of 
age. b, Normal haart; E. K, female, 73 years of age. c, Normal heart; L H.. male, 19 years 
of age. d. Normal h^rt ; H. R., male. 12 years of age. e. Normal heart ; P. s. female 22 
years of age. 1 1 to Tj represent unipolar precordial leads. The electrode was placed in 'the 
foUowlng positions: 1 1 . fourth Intercostal space to right of sternum; Vo f^rm intercos^l 
space to loft of sternum; Vs, midway on a line Joining points of Vs and V 4 fifth intS- 
costal space on left mid-clavicular line; Vr. conUnuAion of fifth intercostal space on left 
terior oadlli^* line; Ve, continuation of fifth intercostal space on left mf^illww Rne^^Miree 
other unipolar eads are shown in c: SBAcs., electrode on second right IntercStal snsS nn 
mid-clavicular line; Sin.sf., electrode over sternum at level of second intercostal s^L 
electrode on second left intercostal space on mid-clavicular line. osiai space , SL.xcs,, 



AMr.RicAX Hr:\RT .r0T7i;xAi. 


;14fi 

the surface of the body, variations in the position of the lieart witliin tlic 
thorax are accompanied by marked variations in the distribution of the poten- 
tials on the surface of the body and the extremities. The eft’ect of a hori- 
zontal or vertical heart on the extremity patterns has already been men- 
tioned briefly. This can nov be further discussed. The position of the heart 
may vaiy because of rotation around any one or more of the following 
three axes: (A) Rotation around an anteropostei’ior axis. This causes the 
Ions axis of the heart to become horizontal or vertical. (B) Rotation around 
the long axis of the heart. This causes the right ventricle to move anteriorly, 
or to the right. (C) Rotation around a transverse axis. This causes the apex 
of the heart to be pushed forward or backward. Although a detailed descrip- 
tion of the effects of 7‘otation on the di.stribution of potentials over the surface 
of the body will not be given, the effeet.s of such rotations on the extremity 
leads can be biiefly sketched, although it must bo remembei*ed that eountle.ss 
variations may exist determined not only by the po.<5i1ion of the heart, but al.so 
by the size and shape of the thorax, and other factors. 

1. hen the heaif lies vertically, it is usually also i-otated clockwise 
around its long axis and the following oecurs: (a) The left arm lead tends to 
face the endocardium of the heart and the light side of the interventricular 
septum. Its initial deflection should be upward, followed by an S. (b) The 
right arm lead tends to face the endocardium of the heart and the right side 
of the septum. Its initial deflection therefore also should be upward, followed 
by an S. (e) The left leg lead faces the left side of the septum and the epi- 
cardial surface of the left ventricle. A Q wave followed by a high R wave 
should occur. 'A heart in such a position should cause the pattern in the 
standard leads, described as right axis deviation, with and wave.s. If 
the clockwise rotation around the long axis becomes marked, the right arm 
lead may lie on the same plane as the .septum or actually face the left side of 
the septum, and the initial deflection will be downward. 

2. A^dien the heart is horizontal, it i.s usually rotated coimlerclockwisc 
around its long axis, and the following should occur: (a) The left arm lead 
now faces the left side of the septum and the epicardial surface of the left ven- 
tricle. A Q wave followed by a high R wave should be present, (b) The right 
arm lead continues to face the right side of the septum and the eTidocardium. 
Its initial deflection .should be upward, followed by an S wave, (c) The left 
leg lead faces the right side of the .septum and the epicardial .surface of the 
right ventricle. Its initial deflection should be upward, followed by an 
S wave.^ 

3 . When the apex is pushed forward, the following uceiirs: (a) The lell 
arm lead tends to i-esemble potentials from the anterior surface of the ven- 
tricles. The initial deflection will vary, depending on whether the left ai-m is 
facing more of the right ventricle than tho left, and on other factors, (b) The 
right ai-m lead tends to he similar to unipolar precordial leads near the 
sternum. The initial deflection will be upward followed by a <lecp S wave, 
(e) The left log lead tends to record potentials from the epicardial surface ol 
the left ventricle. A Q wave followed by an R deflection .should occur. 

4 . When the apex of the heai-t is pushed backward, the follo\ving oceui’S: 
(a) The left aimi lead tends to resemble unipolar leads, ordinarily derived 
from the left uijper back. In such lea-’s ton the basis of my oh.servations) the 

*The S wave i.<< Uue to the fact Hint the il^rht vcntiicic ia .“iinnller than the left Vfntilcle, 
Thu" the potentiaK devclopfHl wlthfn ft arc weaker th.an tho.'-<'- developed by the left ^cn^nal■. 
nnd sin electrode, iilthouph faclnR the epic.arclial surface of the right ventricle, is also facing' 
"the tall of the wave pa«“Ing outward thioueh the Ji.ft ventrlele. causing the main deflection to 
be dotwiward.* 
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Q wave is nsEally deep and the H dcfieetion is of variable size, (b) The right 
arm lead also lends to resemble unipolar leads ordinarily obtained from the 
right upper back. Such leads often have a deep Q wave followed by a high R 
deflection, (c) The left leg lead tends to resemble potentials from the epi- 
eardial surface of the right ventricle. The initial deflection should be upward 
followed by an S wave. 

With these facts in mind, the results can now be analyzed. Fig. 3 illus- 
trates the distribution of potential over the .surface of the body in a normal 
subject. This record and Fig. 2,d, are from the same patient. A small Q wave, 
followed by a high R deflection, can be .seen in l>oth the left arm and left leg- 
leads (Fig. 2,d), .showing that the po.sition of the heart is neither fully vertical 
nor fully horizontal. Consequently the regions of the surface of the body facing 
the left ventricle are extensive and unipolar leads (Fig. 3) from the left upper 
cliest {2 L.ics.), the abdominal wall {EX' A and LTJA), and lower back {LB.) 
.show a Q deflection and high R wave. A .small R deflection followed by a deep 
S wave is found, on the other hand, in unipolar leads from the right upper chest 
wall. The unipolar leads from the Iniek in this ease ilhrstratc particularly well 
the transition of the two types oL' Q-wave jjatterns described above. The upper 
scapular lead {n.Sc.) is completely negative. At the level of the scapular angles 
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g' normal subject. The htandard. unipolar extremity, and 
ire- dlu.stiated in Fig. 2.rt. The other unipolar leads shown 

electiod'e^o mulaxillaiy line at level of twelfth inteicostal space; BVA, 
im™ jf « rif^ht nud-clavicular line at level of lowest border of ribs- LU4. 

like ISR.nuax., but on loft side • elecuid^ on 

second lifrht intercostal space on mid-clavicular line; 2L.ics.> like 2i?,ics. but ton left side • 
ji.Sc., electrode on back at le\el of ba-so of spines of scapulae, just to the left of the midline- 

I*''-'-'! of angles of scapulae. Just to Uie left of he mldHne • 1 B 
node on the hack at level of twelfth rib. just to the left of the mWlinc. nnaune. i.is., eicc 
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it is bipliasic and consists of a deep Q wave and liigh R deflection {LSc.). The 
T v/ave is still negative here. At the level of the lower hack (Z.B.), although the 
Q wave is still deep, the R deflection has become tall and the T wave has become 
positive. This -pattern is similar to the left leg lead and Lead III. This case 
also iUnstrates another important characteristic of the Q waves obtained from 
different portions of the body. "When the Q is recorded by a lead which faces 
the epicardial surface of the left ventricle, its duration* is shorter than in 
those leads facing the endocardium of the left ventricle. In this case, as in 
the other eases with a normal QRS interval in the series, the duration of the 
Q wave in the back leads was 0.04 to 0.06 second. This approximates the 
entire duration of the QRS complex. However, in the leads facing the epi- 
cardial surface of the left ventricle, the duration of the Q wave was less than 
0.04 second. This will be further discussed in a later section of the paper. 



Fiff. 4 ^.A verUcal heart with right axis deviaOon but without Q- and Qj. A rase of 

mitral stenosis and insufficiency : G. M., male, 12 years of a&e- The patient had been mgi 
talized. 5R.7n.Ax., electrode on right midaxiilarj- line at level of fifth intercostal space , n.ivtp-/ 
electrode over right nipple. For explanation of the other leads, see captions of Figs. 3 ana ■ 


THE Q W.AVES IN CASES IN WHICH THE HEART IS VERTICAL. 

If, as we have stated, right axis deviation is due to a vertical heart, the 
left ventricle "vnll face the left leg, and the left leg lead and Leads H and III 
should have a Q wave. We studied one hundred forty cases showing right 
axis deviation with this in mind. These eases included jiatients with normal- 
sized hearts, and patients with left ventricular hypertrophy as well as those 
with right ventricular hypertrophy. A Q wmve w’as found in one hundred 
thirty cases in the left leg lead, in Lead UI, and, in mo.st of the cases, in Lead 
II. In only ten cases was a Q wave absent in the left leg lead and Leads II 
’ and III. Careful unipolar lead studies were made in six of these ten cases, and 

•TIic duration of tlie Q wave Is the Interval between its downstroke and upstroke. It is 
measure! at the upper lovel of the string image. 
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ill all of tlieni were found a Q ivave and a liigli U defleetion, either posteriorly 
over the lower back, or in the left axilla. This, in itself, indicates that the 
position of the heart in such eases is different from that ivhich occurs in the 

ordinary cases of right axis de'viation. ^ ^ - 

Fig. 4 illustrates ivhy a Q 2 . s is absent in such cases. This is the record of 
a 12-year-old boy unth rheumatic heart disease and mitral stenosis/ He was in 
congestive heart failure and was receiving digitalis. Although right axis de- 
viation is present, there is no Q wave in either the left leg lead or Leads II and 
HI, although a small Q wave with a high E deflection can be seen in precordial 
Lead Yc, and in all the unipolar leads taken from the back. The reason for 
this becomes clear if Ave study the right arm lead. A deep Q deflection Avith a 
liigh R Avave is present. This, as Avas previously mentioned, is an indication 
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Fig. 5. — 'A veitical heart with right axis deviation but without a Q 2 and Qs. A case 
of Interauriculav scntal defect; 3. D., female, 36 years of age. Patient was receiving no medi- 
cation. . Jim.st. electrode over sternum at level of fourtli intercostal space. R. and L.u.Sc., 
electrodes at bases of spines of sc-apulae. For explanation of the other leads, see captions of 
Figs. S and 4. J2. and LJJ3., electrodes on hack In Lvclfth intercostal space direcOy under 
the angles of the scapulae. 


that tile ape.x of the heart has been pushed backward. In sucli a case, in siiitc 
of the right axis detdatiou and vertical position of the heart, the left leg lead 
Avill tend to face the right ventricle instead of the left ventricle. Therefore, 
no Q Avaves should be expected in tlie left leg lead or Leads H and HI. The 
high amplitudes of the R Avaves in these leads, in this case, are due to the right 
ventricular hypertrophy Avhich aa'os present. 

There is another tA’pe of Q AvaA-e Avhich occurs occasionally in cases of 
rigid ventricular hypertrophy. This occurs with a high R deflection and is 
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found in precordial leads near the. sternum, Altliough the precordial leads of 
Fig. 4 did not show this, Pig.' 5 illustrates a ease of risiht vontrieiilar hypcr- 
troph.y in which a Q did occur in preeordial Lead Yj. This was the record of 
a 36-year-old woman with an intei-auricular septal defect. She was not receiv- 
ing anv medication. In this case, the unipolar leads which were taken acro.ss 
the chest illustrate well the development of the small initial upward deflection 
ordinarily noted, and the origin of the Q wave. Preeordial Lead Y^ begins 
with a deep Q deflection. This is .similai- to unipolar leads from points ovei- 
the right nipple (7?. Nip .) ; the right midaxillary line in the fifth intercostal 
space {SB. m.Ax ) ; the second right intereo.stal .space on the mid-elavieular line 
(2R.ics.)‘, and the right arm lead. However, a preeordial lead over the mid- 
stemum at the level of the fourth intereo.slal space {4 m.st.) has a small initial 
upward deflection. This can also he observed in preeordial Leads Yj, Y-, Y^, 
and even Yn, where it appears as a sluinnng on the large main upstroke of the 
QPS complex. Similarly, although a unipolar lead from the second right inter- 
costal .space on the mid-elavieular line (2R.ics.) has a Q wave, the unipolar lead 
overlying the sternum at this level (2 m.sf.) has a characteidstie initial up- 
stroke. When this record is compared to Fig. 4 and Pig. 3 (which is fi’om a 
normal suh,iect), the Q wave in Fig. 4 was found onl.v in the right arm lead and 
the .right midaxillary lead (5R.)n.Ax ) ; and in Fig 3, a deep Q deflection was 
fouild only in the right arm lead and in the region of the midhack. 

On the basis of these observations and our detailed study of twenty simi- 
•lar cases of right ventricular h.vpertroph.v.’”' we can describe the origin of the 
Q wave in .such eases. Y"ith right ventricular hypertrophy, the position of 
the heart is u.sually vertical.' and clockwise rotation of the heart around its 
long axis ordinarily occurs. If this clock.Avise rotation becomes maiked. or if 
the large right ventricle displaces the po.sition of the i))terventricular septum 
sufficiently, potentials which oi'dinaril.v would be pro.jected to the right mid- 
back or the right midaxillary line, are pro.iected anteriorly and a Q wave 
(which ordinarily is found in such i-egions) re.sults. The Q deflection is thoi'c- 
fore due to the fact that the electrode is either lying on the .same plane a.s 
the interventricular septxun or is actually facing the left side of the .septum, 
because of the marked rotation, or displacement of the septum. The final H 
wave may be due to the passage of the impulse ctutvard through either the 
right or left ventricular Avail oi- througli both. The Q in the 7-ight ai'in lead is 
due either to the marked eloekwi.se rotation of the heart around its long axis, 
or to backward displacement of the apex, a.s Avas pre\dousl.A' inentioned, or to 
a combination of both factors. Further proof that backward displacement of 
the apex has occurred can also be found in the .standard and unipolar extrem- 
ity leads in Fig. 5. Careful examination of Lead III and the left leg lead .shoAv 
that the initial deflection is not a Q avoa'c but is upAvard, in spite of the f-u't 
that right axis deviation exists. Comparison of the left leg lead AA'ith ,the pre- 
cordial leads indicates the marked similarit.v bet u ecu if and preeordial Lead 
Y„. This occuis. as has already been .stated, when tin* apex of the heart has 
been displaced backward, so that the left leg lend records a pattern Avhich can 
be found in preeordial leads overlying the right ventricle, rather than the left 
ventricle. 


Occasionall.v in eases of right A'entricuiar liyiicrtropliy a deep Qi oeciu's. 
There Avas one .such ca.se in the serie.s. It is illu.strated in Fig. 6. This is the 
record of a 36-yoai--old man Avith mitral stenosis, massive enlargement of the 
left aiu’icle, and marked ])leural effusion. Kxamination of Fig. G rcA'cals the 
similarity betAveen the right anii lead and unipolar leads from the right uppec 
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chest {2BAcs.) and precordial leads near the slernnin. All tliese leads liave an 
initial R n-ave. On the other hand, preeprdial Leads Vj and Yo, the left upper 
abdominal lead (not shown), the left leg lead, and the back leads have a small Q 
wave. The significance of the deep Q deflection in the left arm lead (and in 
Lead I) can be appreciated by comparing the left arm pattern with the record 
obtained from the second left intercostal space on the mid-elaAdenlar line 
{2L.ics.). The two leads are similar except that the small R deflection present 
in the second left intercostal space disappears in the left arm lead. This can 
be explained by the fact that the left arm lead lies on the same plane as the 
interventricular septum. From the distribution of potentials in this case and 
the similarity of the right arm lead to the right anterior chest potentials, 
rather than to potentials from the back, and the similarity of the left leg lead 
to the precordial Lead w'e can assume that the apex in this ease has been 
pushed forward. This is unusual in eases of right ventrieular hypertrophy. 
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, THE Q WAVE IN CASES IK WHICH THE HE^UIT LIES HORIZONTALLY 

If, as I have stated, left axis deviation is due to a horizontal heart, the left 
ventricle faces the left arm lead and the left arm lead and Lead I should have 
a Q wave, and a high R deflection. A series of one hundred twenty cases 
.shoiving left axis deviation in the standard leads were studied. These included 
persons with normal hearts, patients ivith enlargement of the left ventricle, 
and patients with enlargement of both the right and left ventricles. In one 
hundred seven eases, a Qi wave and a Q deflection in the left arm lead were 
found. In eight other eases, although a Qi wave was absent, a Q deflection 
was present in the left arm lead (Pig. 7, a) . In five cases, although the pattern 
in the standard leads was that of left axis deviation, a Q wave was absent in 
Lead I and the left arm lead, but a Q deflection was found in the left leg lead 
(Fig. 7,h)-. Such eases had a very deep Q, deflection. Although ive have not 
made sufficient studies in such eases to accurately describe the position of these 
hearts, it would appear that some degree of unusual rotation has occurred. 



Ele. 7. — Two cases with horizontal hearts. For explanation see text 


THE Q WAVE IN CASES OF MYOCARDIAL INFARCTION 

If the Q wave is due to early activation of tlie left side of the septum, valua- 
tions in the distribution of the Q w'ave which are due to the position of the 
heart should be found in eases of myocardial infarction in a manner similar to 
that wffiich occurs in the normal and hyiiertrophied heart. There is, however, 
another mechanism by which Q waves may occur after infarction. Such Q 
waves are deep, and the entire QRS complex may consi.st of a QS deflection. 
Such Q waves are found •when the infarct tends to involve the entire thickness 
of the ventricular wall ; they are recorded by unipolar leads which overlie or 
face the infarct. The explanation w'hich has been advanced for the presence 
of these deep Q waves is that the large area of infareted tissue is without elec- 
trical activity and acts like a window in the ventricular wall so that an elec- 
tTode, overljung the infarct, records potentials similar to an electrode which 
would be placed within the ventricular cavity. Such Q waves we have noted 
also have an increased duration, similar to the Q waves which arc normally 
recorded from leads facing the ventricular cavity. This concept, of course, 
assumes that the ventricular cavity is negative at the beginning of the QBS 
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complex. However, if, as I liave stated, the left side of the septum is activated 
before the right side in a case with normal conduction or with right bundle 
branch bloch, only the cavity of the left ventricle will be negative when the 
QRS begins. Therefore, even if an electrode were placed over an extensive 
infarct of the right ventricular wall, Q waves should not be recorded from 
such leads. If the infarct is small, the initial deflections of the QRS complex, 
before and after the infarction, remain more or less unchanged, and deep Q 
waves do not develop.’^® Irrespective of whether Q waves are, or are not, pres- 
ent in a case of infarction, the most characteristic sign of an acute infarct is 
the presence of an elevation of the RS-T segment, fusing with the T wave, 
which is coved. This pattern is also found in unipolar leads which overlie, or 
face, the infarct. 

We can, therefore, summarize the Q-wave patterns which may he antici- 
pated in a case of myocardial infarction, in the following way: (1) With 
infarction of the right ventricle or of a region which is near the plane of the 
interventricular septum, a unipolar lead overlying the infarct will record RS^T 
elevation without a Q wave, even though the size of the infarct may be ex- 
tensive. (2) With infarction of the anterior surface of the left ventricle, a 
unipolar lead overlying the infarct may record the characteristic RS-T eleva- 
tion due to the infarct and a small Q wave, which is a normal phenomenon. 
(3) Infarction of the anterior or anterolateral surface of the left ventricle, in- 
volving a large part of the thickness of the muscle wall, should produce a chai‘- 
acteristie deep Q wave followed by marked RS-T elevations in unipolar leads 
overlying the infarct. (4) If only the subendocardial layers of muscle are in- 
farcted and the outer layer is normal, a unipolar lead overlying the infarct 
will record a fairly deep Q wave followed by an R or even an S deflection.'*^ 
(5) Assuming that the infarct does not involve the entire surface of the left 
ventricle, regions should be found overlying normal muscle, in which a small 
normal Q wave may be recorded with a high R deflection and an upright or 
high T deflection (or with depression of the RS-T segment); (6) The patterns 
in the unipolar extremity and standard leads after infarction should depend 
on the position of the heart, just as in cases where the heart is normal or 
hypertroifliied, as well as on the actual location and extent of the infarct. In 
other words, in a ease of antero-latei'al infarction of the left ventricle in a 
horizontal heart, the left arm lead and Lead I, which face this region, should 
show the characteristic Q wave and elevated RS-T complex; whereas if the 
heart were vertical, the left leg lead and Leads II and III, which now would 
face the infarcted region, should possess the characteristic Q Avave and the 
elevated RS-T complex, in spite of the fact that the infarct was anterior. Simi- 
larly, in a case of posterior infarction, if the heart were vertical, the charac- 
teristic Q Avave and elevated RS-T complex Avould be seen in the left leg lead 
and Leads II and III ; Avhereas if the heart Avere horizontal, the left arm lead 
and Lead I Avould face the infarct and record a Q Avave and elevated RS-T 
complex. 

Before continuing the discvission, consideration should be given to the 
position of the heart in cases of infarction. 1 do not believe that a vertical or 
horizontal, normal or li.A'pertrophied, heart occupies the same position as a 
A‘evtical or horizontal heart in Avhich infarction has occurred, because certain, 
factors contribute to the changes in position after infarction Avhich are differ- 
ent from those affecting a normal or hjiiertrophied heart. In the first place, 
a larp area of muscle is no longer functioning normally, and the force of con- 
traction of the remaining normal musculature may cause abnormal torsion of 
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the heart around any oi.its axes. In the second place, changes in the size of 
the heart may occur due to abnormal cardiovascular dynamics such as a de- 
crease in cardiac output, cardiac decompensation, localized dilatation, and 
other factors. Therefore, although the heart he more or less vertical or hori- 
zontal, the typical patterns of right or left axis deviation need not be always 
observed. The following eases illustrate the validity of these conclusions. 

THE Q WAVE EST CASES OP ANTERIOR INFARCTION AVTTH THE HEART 

LYING HORIZONTALLY 

Fig. 8 is typical of records obtained after anterior infarction when the 
heart lies horizontally.. The characteristic patterns of infarction are observed 
in the left arm lead and Lead I, whereas the left leg lead and Leads II and III , 
are tjTiical of the patterns found with a horizontal heart. The biphasic right 
arm potential is suggestive of the fact that the apex of the heart has been 
displaced backward. .This would further serve to make the left leg lead face 
the right ventricle. Fig. 9 is the record of another case in which infarction 
occurred and the heart lay horizontally. This is the record of a 69-year-old 
man, taken several months after his attack. Standard and unipolar extremity 
leads are what one ivould expect to find in a normal horizontal heart. There 
are no signs of infarction in these leads, because the small Q wave is a normal 
phenomenon with a horizontal heart. However, the precordial leads are typi- * 
cal of anterior infarction. 
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THE Q ■\VA\'E IN CASES OF ANTERIOR INFARCTION WITH THE HEART 

HYING VERTICALLY 

Fig. 10 is the record of a 61-year-old woman who had an acute myocardial 
infarction several months before the record illustrated was taken. Precordial 
and chest leads indicate that the patient was suffering from an anterior infarc- 
tion, although the standard and unipolar extremity leads are tjTpieal of posterior 
infarction. In spite of the fact that a small wave is present, the left arm 
lead begins vdth an upstroke. It might be argued in this case that the anterior 
infarct had also extended to the diaphragmatic surface of the left ventricle to 
produce the patterns in Leads II and III ; nevertheless the fact remains that the 
patterns of anterior infarction were not projected to the left aim lead because of 
the vertical position of the heart. Although this combination of extremity lead 
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EIp. 11. — A case of anterior infarction with tlie heart in a vertical position. A. S., a man. 

f>l year^ of age- For explanation of leads sec captions of Figs. 3, i, ana 6. ^ 


and precordial lead patterns is not common, there were five such cases in th<‘ 
series. Pig. 11 is the record of another ease of anteinor infarction when the 
,, heart lay vertically. This was a 61-year-old man who had an acute attack a 
week prior to the time the record was taken. Standard leads show a typical 
coved Ti wave without a Qi deflection; whereas in Leads II and III, tlie 
typical pattern found in a vertical heart is present : namely, a small Q wave, 
a high E wave, and an upright T deflection. Study of the preeordial leads 
shows the elevation of the RS-T complex in Leads V- and without Q waves. 
In the precordial Lead.s and Vo, small Q waves appear with the elevated 
ES-T complex. Tlicsc Q waves, however, arc no deeper tlian the Q waves* of 
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the left leg lead and the unipolar leads from the lower back. Careful explora- 
tion of the surface of the body in this patient disclosed no ..region which' had 
deep Q waves in association •with an elevated RS-T complex. The deep Q wave 
in the unipolar lead from the angle of the right scapula (R.l.Sc.) is what one 
ordinarily finds in a vertical heartl . . . 


, THE Q "WA-VE IN CASES OF POSTERIOR INFARCTION -WITH THE HEART 

LYING VERTICALLY. 

In a normal or hypertrophied vertical heart, the left ventricle ordinarily 
faces the left leg lead, and Q waves occur in this lead and in Leads II and III. 
Furthermore, the T waves in such eases may also point do-wnward in the 
absence of myocardial infarction. However, elevation of the RS-T segment , 
will not be noted imless infarction has occurred. Fig. 12 illustrates a ea.se' of 
posterior infarction when the heart was more or less vertical. This is the 
record of a 59-year-old man taken four days after myocardial infarction. Al- 
though the left leg lead and Leads II and III have high R waves, there is a , 
high R wave also in the left arm lead and in Lead I, a fact not ordinarily en- 
countered in a vertical heart. Marked elevation of the RS-T segment in the 
left leg lead and Leads 11 and III, and marked depression of the RS-T segment 
of the left arm lead. Lead I, and of the RS-T segments of preeordial Leads 
and V 4 occur. Precordial Leads V 5 and have small Q waves, high R deflec- 
tions, and, upright T waves, indicating that the electrodes at these points are 
facing the left side of the septum and a portion of the normal epicardial sur- 
face of the left ventricle. 
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Fier. 12 .— A case of posterior Infarction with the heart in a verUcal position. J. w. a man 
. aged 59 years. ’ ’ 


THE Q WAVE IN CASES OF POSTERIOR INlLtRCTION WITH THE HEART 
. LYING HORIZONTALLY 

Fig T3 iUustrates a case where the peculiarities in the position of the heart 
piuduced an unusual distribution of potentials. This is the record of a 62-year- 
old white man who had been admitted to the hospital for an attack of infarc- 
tion two days priot to the time the record was taken. The standard and 
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unipolar extremity leads suggest anterior infarction with the heart in a hori- 
zontal position (a Q wave in the left arm lead and an BS deflection in the left 
leg lead). 

Precordial leads are unusual m that the depression of the ES-T segment 
in leads Vo, Vg, and V 4 indicates that the site of the infarct was certainly not 
on the anterior or medial surface of the left ventricle. Tlie normal configura- 
tion of precordial Lead Vg also indicates that the left lateral Avail of the left 
ventricle Avas normal, so one must assume that the infarct lay on the posterior 
Avail of the left A'entriele but Avas transmitted to the left arm lead, because of 
the horizontal position of the heart. Such a record is most unusual. A more 
u.sual type of pattern in posterior infarction A\dth a horizontal heart is seen in 
Fig. 14. This is the record of a •58-year-old man A\ho liad suffered an acute 
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Fig-. 13. — A case of posterior infarction^ -with the heart in a horizontal position. B. A''. B.. 

a man, aged 62 years. 



Fig. 14. — A case of post' 
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attack of infarction about three weeks before this record was taken. The high 
R wave with a x^ery small Q wave in the left arm lead indicates that the heart 
is lying horizontally, as does the similarity between the pattern in the left arm 
lead and precordial Lead \ j. The left leg lead and Leads II and III show a 
deep Q deflection xvith coved T waves. If the position of the heart were 
typically horizontal, the left leg lead would face the right ventricle and there- 
fore no Q waves xvonld be present. The Q xvave in the left leg lead can there- 
fore be explained by the fact that the apex of the heart has been pushed for- 
ward, allowing the left leg lead to face the left ventricle. Further evidence 
for this is the pattern in the right arm lead, xvhich is similar to leads from the 
right upper chest, and the similarity between the abdominal wall potentials 
(not shoxvn) and the left leg lead. 
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Fist. 15. — A cace of multiple infarctions E. il., a man, aged 49 years. 


THE Q WAVE IN CASES OF COMBINED .VNTERIOR AND POSTERIOR WALL INF.XRCTION 

Fig. 15 is the record of a 49-year-old man who entered the hospital because 
of an acute attack of myocardial infarction two days before the record was 
taken. There xvas a history of a previous attack several years earlier. The 
elevation of RS-T segment in the left leg leads and Leads II and HI, and its 
depression in the left arm lead and Lead I, suggest the presence of an acute 
posterior infarction. Q xvaves are also present in the left leg lead and Leads 
n and III, but they are small. The absence of the Q wave in the left arm lead 
is also usual in posterior infarction. Study of the preeordial leads show the 
marked RS-T depressions in Leads Y^, V„ Y.„ and Vg which are typical of 
an acute posterior infarction, but the deep Q deflection in Lead V 4 suggeUs the 
presence of an old anterior infarct. The Q wave of Lead V 4 xvas not ti’ansmitted 
to tlie left arm lead, however, because of the position of the heart. 

THE q W.VVE IN C.iSES OF BUNDLE BR.INCH BLOCK 

Right BvndU Bram'h Bloch. ~lu right bundle brandi block the left side of 
tlio septum is the fii'st portion of the ventricle to be activated. Therefore uni- 
polar leads facing the loft ventricle uill record a Q xvavc. IVhen the heart is 
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horizontal the left ariii lead and Lead I ■will haA'e a Q wave, and when the 
heart is vertical the left leg lead and Leads II and HI will record a Q wave.' 
Infarction of the left ventricle, complicated hy right bundle branch block, does 
not prevent the Q waves from appearing.^® 

Left Bundle Branch Bloch . — In left bundle branch block, the right side of 
the septum is activated first. A unipolar lead overlying, or facing, the left 
ventricle, therefore, will record an initial upward deflection.'^ "When the heart 
is horizontal, the left arm faces the left ventricle and the left arm lead and 
Lead I begin ^vith an upstroke. When the heart is vertical the left leg lead 
and Leads 11 and III begin with an upstroke, and the left arm lead and Lead I 
may be entirely do-\\Tiward.^' Such a pattern is, however, quite rare. In- 
farction of the left ventricle complicated by left bundle branch block is charac- 
terized by the disappearance of the Q waves, even from unipolar leads over- 
lying the infarct. The cause of this is that the left side of the septum is posi- 
tive at the onset of the QRS deflection. It has been stated that in such eases, 
if the septum is also infarcted, a Q wave may be seen even Avith the left bundle 
branch bloek.^^ I have had no experience with cases of this type. In a recent 
paper, cases of left bundle branch block vith a Q, were diseussed.^^ Althougli 
no records were presented, I reviewed the eases in the literature cited in thi.s 
paper. I do not think that such i*eeords represent left bundle branch block. 
Further discussion of this problem is presented elsewhere," 

DISCUSSION 

The presence or absence of Q waves would be a matter of academic impor- 
tance were it not for the fact that Q waves are an important sign of myocardial 
infarction and that, after the infarct has healed, they may> constitute the only 
sign that infarction had occurred. Statistical suri'eys of the incidence of the 
various Q-wave combinations have not been too successful in providing a 
means of differentiating a normal from an abnormal Q wave in the standard 
leads. One of the reasons for this is the fact that the Q deflection in the stand- 
ard leads may be the I’esult of a variety of combinations of potential. Another 
reason for this is that the Q deflection is essentially a normal "wave. Basically 
the Q wave can only be considered abnormal if it constitutes the main ven- 
tricular deflection in a unipolar lead overlying the epieardial surface of the 
left ventricle. In a case of anterior infarction the left arm lead irsually faces 
the infarct and consequently a deep Q wave and coved T deflection will ap- 
pear in the left arm lead and Lead I. However, it is known that, in a hori- 
zontal heart, a Q wave may occur (with a high R deflection and with a dowi- 
ward T wave) ; and, when the heart is vertical, the left arm lead may eonsi.sl 
of a QS deflection and a dowmvard T wave (Fig. 16). 

We therefore attempted to determine statistically if the Q wave in the left 
arm Lead due to infarction might have different characteri.sties than the Q 
deflection of the vertical or horizontal heart. The Q-LA deflection was .studied 
in fifty' cases of anterior infarction and in one hundred cases where the heart 
was either nonnal or hypertrophied. In these cases the duration of the Q 
■wave was measured in the manner previously described. Tlie proportion be- 
tween the depth of the Q wave to the amplitude of the entire QRS complex 
was also determined. The depth of the Q or S wave was measured from the 
lower edge of the .string shadow at the end of the P-R interval to the apex of 
the Q wave. The height of the R deflection -was mea.sured from the upper edge 
of the .string shadow at the end of the P-R interval to the apex of the R wave. 
The values of R and Q (or S, if an S wave occurred and was deeper than the 
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Q wave) were then added to get the amplitude of the QliS comj)lcx. The rela- 
tion of the depth of the Q wave to the amplitude of the QES complex was 
expressed as a percentage. 

The characteristics of the T Avave and RS-T segment Avere noted. In 
fifty cases of anterior infarction, eighteen had a Q A\'aAm Avith a duration oi’ 
0.04 second or more, and an amplitude of 30 per cent or more of tlio entire 
QRS complex. FiAm eases had a QS deflection. HoAvever, in twenty-soA'^ou 
cases, Q-LA had a duration of less than 0.04 second and an am])litiKle of less 
than 30 per cent of the QRS comjrlex. Five of the series of one hundi-ed iior- 
mal cases had a Q AvaAm Avith a duration of 0.04 second. In the reinainin«. 
the duration of the Q-LA interval aa^s less than 0.04 second. In seven cases, a 
QS AAmve was noted in the absence of myocardial infarction (Figs. G and IG). 

We can therefore conclude that a AAdde, deep Q aauivc in the left ai'in lead. - 
Avith a depth of 0.04 second or more, comprising 30 per cent or more of the 
entire QRS complex (excluding a QS deflection), in association with a coved 
T Avave is a presumpthm sign of infarction, although this pattern may he 
present in the absence of infarction, and infarction may be present in the 
absence of this pattern. In such eases AA-ithout infarct ion, the P A\'ave is likely (o lu' 
A’ery negative in the left arm lead (Fig. J9). Inasmuch as a diagnosis of anterior 
infarction can be made more advantageously Avith unipolar precordial leads, 
the use of the characteristics of the Q Avave in the left arm lead as a sign of 
infarction is not to be recommended. Hoavca'ct-, in the ca.se of posterior in-’ 
farction of the left A'entricle, the infarct usually oveidies the diaphragm, and 
it therefore is difficult to obtain unipolar leads overlying the infarct, unle.ss 
e.sophagea] leads are used. The left leg lead, hoAvever. ordinarily faces the 
infarct, and has the charaeteri.stie deep Q wave ajid eleA’aled RS-T segment in - 
cases of posterior infai'ction. A Q A\mAm in the left leg lead is, as aa'c have 
pointed out, Amrj^ often a normal phenomenon. For this reason, aa'c analyzed 
fifty eases of posterior infarction and one hundred cases of normal and h^ypc'’- 
trophied hearts AAuth a Q wave in the left leg lead in a manner .similar to that 
used in eases of anterior infarction. The re, suits Avere significant. We found 
thirty of the fifty cases of posterior infarction Acitli a Q AvaA-e Avhose amplitude 
equaled or. exceeded 40 per cent of the entire QRS complex. In 1hc.se eases, 
the T Avave Avas coved in all but three. These latter AAmre instances of old 
healed posterior infarction. In all but one of the thij-fy ca.ses. the duration ol 
Q AAms 0.04 second or more. Six cases had a QS deflection, aa'iIIi a Avide Q AA’ave. 
Three of these eases had an upAvard T Av’ave (Fig. hi, a). Nine eases had a .small 
W-shaped QRS deflection AAuth a coA'cd T (Fig. I3,«). in most of these h Avas 
difficult to measure the AA'idth of the Q AAuive. Five cases had a small Q aa'Cac 
AA' hose amplitude AA'as less than 40 per cent of the entire QRS complex. In one 
ease, the AA'idth of the Q AA'aAm AA'as also less than 0.04 second. All Aa'c eases. Iioaa- 
CA'cr. had elcAmtion of the RS-T segment and eoAing of the 3' AA'aA'c. Of the one 
hundred normal rccoi'd.s, only tAA'o had a Q avca'c AA'hieh Avas 40 j;er cent or more 
t)f the entire QRS deflection. The AAidth of the Q Avavc in these Iavo cases Avas 
le.ss than 0.04 second. Furthennore, the AA'idth of the Q aaovc in all hut tlirec 
of the one hundred cases AV'as Avithin 0.04 second, fl’licre aa'ctc four cases Avith 
a QS deflection (Fig. 17,6) and Aa'c cases AA'ith a small W-.shapcd QRS complex 
(Fig. I8,b). 

It is therefore concluded that, Avhen the Q Avave in the left leg lead ha.s a 
duration of 0.04 second or more, and has an amplitude of 40 per cent or more oi 
the entire QRS complex (and is not W-shaped or does no! consist of a QS deflec- 
tion). such a record indicates posterior infarction. In most of these ca.sc'A th*' 
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RS-T segment will be elevated or the T wave ^vill be coved, but, after healing of 
the infarct has taken place, the T deflection maj’’ become upright. 

CONCLUSIOlsrS 

In cases of normal conduction or right bundle branch block, the Q wave, 
as recorded in unipolar leads, is due to the fact that the left side of the inter- 
ventricular septum is activated before the right side. 

The characteristics and depth of the Q deflection varies ^vith the position 
of the electrode. If the electrode tends to face the left ventricular cavity, 
the entire QRS complex may consist of a QS deflection. The duration of the 
Q wave, therefore, will be 0.04 second or more. If the electrode faees^the epi- 
cardial surface of the left ventricle, the Q deflection is small in comparison 
with the tall E wave which follows (less than 30 per cent of the entire QES 
complex) and its Avidth is less than 0.04 second. 

There are other mechanisms by Avhich a Q wave may appear. If a lead 
which faces the right A’entriclc and ordinarily records an ES deflection is 
placed so that it tends to lie on the same plane as the interventricular septum, 
the initial activity in the septum, running at right angles to the plane of the 
septum, will be Amthout effect on the electrode, and the initial upAvard deflec- 
tion may not be recorded, so that the QES appears as a QS deflection. 

In infarction of the left A'entricle iiiAmlving the greater thickness of a 
portion of the Avail, an electrode OA'erlying, or facing, the infarct Avill record 
not only the initial negathuty of the left side of the septum but, because the 
infarcted muscle has lost its electrical actmty, the infarct acts like a yA’indoA\^ 
in the ventricular Avail and the remaining portion of the QES complex is nega- 
tive, which is the potential of the ventricular cavity during the inscription of 
the QES complex. 

Since Q is an initial doAvmvard deflection, its presence in unipolar ex- 
tremity leads has a different meaning than a Q a\ ave in the standard leads. 
IIoAveA'er, certain relations betAveen standard and unipolar leads exist in that 
Leads II and III tend to resemble the left leg lead, and Lead I tends to re- 
semble the left arm lead. 

Variations in the location of the Q deflection in the extremity leads de- 
pends on the position of the heart. If the heart lies horizontally, the left arm 
lead faces the epicardial surface of the left ventricle and a Q wave Avith a tall 
R deflection Avill usually be seen in the left arm lead and Lead I. If the heart 
lies A^ertically, the left leg lead usually faces the epicardial surface of the left 
A'entricle and a Q avra'c and high E deflection appear in the left leg lead and 
Leads II and III. IIoAA’-eA'er, if the apex of such a heart is displaced baekAvard, 
the left leg lead faces the right ventricle and the Q AvaA'es disappear,' If a 
vci'tical heart has inarked cloclnnse rotation around its long axis, small Q 
Avaves may appear in precordial leads to the right of the sternum. 

■SVith infarction of the ventricles. Q Avaves Avill not appear if the infarct 
iuvolA'cs the right A'entricle or an area near the plane of the interventricular 
septum. 

With infarction of the anteriorlaleral .surface of the left ventricle the 
ES-T segment elevation may be obseiwed Avith small Q Avaves Avhich are due 
(as in a normal heart) to the actiA'ation of the left side of the septum, or with 
very deep QS deflections which are due to the fact that the greater thickness 
of a portion of the muscle Avail has been infarcted. 

If tile entire surface of the left ventricle is not infarcted, regions Avill be 
found overlying normal muscle in AA'hich a small normal Avave may be 
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recorded Avitli a high R deflection and upright or high T wave (or with a de- 
pression of the RS-T segment). 

Although the patterns of anterior infarction are usually transmitted to 
the left arm lead and Lead I, and the patterns of posterior infarction are 
Usually transmitted to the left leg lead and Leads 11 and III, variations in the 
distribution of the patterns may occur because of ,the position of the heart. 
Thus, with anterior infarction, if the heart be vertical. Leads H and III may 
record the characteristic Q wave and elevated RS-T segment. Similarly, with 
posterior infarction, if the heart be horizontal. Lead I may record the Q wave 
and elevated RS-T segment. 

The distribution of the Q wave in cases of right bundle branch block i.s 
similar to that in the normal heart. Right bundle branch block, complicating 
infarction of the left ventricle, does not result in the disappearance of the 
characteristic Q waves. 

In eases of left bundle branch block, the initial deflection in leads facing 
the left ventricle is upward ; consequently, left bundle branch block complicat- 
ing infarction of the left ventricle results in the disappearance of Q waves. 

In left bundle branch block without infarction,Hhe heart usually lies hori- 
zontally, and the left arm lead and Lead I do not record a Q wave, although a . 
Q deflection may be present in the left leg lead and Lead III. 

Statistical study of the Q waves of the unipolar extremity leads in normal 
cases and after infarction allows certain conclusions to be drawn : In the left 
arm lead, if the Q deflection comprises more than 30 per cent of the entire 
QRS complex, has a width of 0.04 second or more, and is associated with a 
doAvnward T wave, such a pattern is usually due to anterior infai’ction, al- 
though such a pattern may occasionally be seen in a vertical heart with marked 
cloclcsvise rotation and displacement of the apex of the heart backward (Fig. 19). 

If the pattern is due to a vertical heart, the P wave is usually deeply negative, a 
finding which does not ordinarily occur with infarction. Furthermore, .study 
of the precordial leads in such cases will establish the presence or absence of 
an infai’ct. 

In the left leg lead, if the Q deflection has an amplitude of 40 per cent 
or more of the entire QRS complex, and it has a duration of 0.04 second or 
more and is associated with a downward T deflection, such a pattern is usually 
due to posterior infarction. However, similar records, e.specially if the QK*S 
complex consists of a QS deflection or of a small W-shaped complex, are occa- 
sionally met with in eases without infarction. Such records ordinarily have 
very large P waves and the preeordial leads in such cases give evidence usuall} 
of enlargement of the right ventricle. 

The author wishes to express liis appreciation lo Ur. Louis Leiter, Chief of the Medi- 
cal Division, Afontefiore Hospital, to Dr. Sidney P. Schwartz. Cardiographor, Afontpriorf 
Hospital, and to Dr. Leandor H. Shearer, Direrlor of the Department ot Afedicine, Linco n 
Hospital, for their generous cooperation. 
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ADDENDUM 

Myers and Oren, in a recent paper ("The Use of the Augmented Left Leg 
Lead in the Differentiation of the Normal Prom the Abnormal Q "Wave in 
Standard Lead III,” Am: Heart J. 29: 708, 1945), studied the relation between 
the Q wave in the left leg lead and the R wave in the left leg lead in cases of 
myocardial infarction, instead of determining the relation ])etweeu the Q wave 
and the entire QRS complex, as we did. They found that, when had 25 per 
cent or more the amplitude of Rll, a diagnosis of posterior infarction could be 
suspected from this alone. 

We reinvestigated our measurements in the left leg lead in cases of posterior 
infarction, using the relation between Q and R instead of between Q and QRS. 
We found that, when Qlt, had 60 per cent or more the amplitude of Rle and 
was 0.04 second or more ivide, myocardial infarction was usually pre.sent unless 
the left leg lead showed a QS pattern or a W-shaped QRS complex. 


.DETEKIillNATION OP CIRCULATION TBIE; UNSUITABILITY 

OP PAPAVERINE 

Lionel Berk, Ph.D., M.B., Ch.B., and Norauvn S.vPEncA, Ph.D, 
!Mowbray, South Africa 

UjMEROUS methods are available for detemining the velocit 3 ’' of blood 
flow. Subjective methods for estimating the cii'cnlation time have the 
miportant disadvantage that the cooperation of the patient is required. Ob- 
jective methods on the other hand require, in some instances, rather "special 

■apparatus. With both methods the substance introduced into the blood stream 
may prove toxic. 

^ Sodium dehydroeliolate (Decholin) has been used for measuring the circu- 
ation lime. In iiew of the fact that this method depends on a subjective re- 
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spoiiSG, the patient s signalling the development of a bitter taste in the mouth 
and because occasional unpleasant reactions have occurred (Leys’), ve have 
sought an easy objective method. 

Papaverine hydrochloride was used by Elelc and Solarz,- wlio reported 
successful determination of circulation time by injecting this drug into an ante- 
cubital vein and noting the end point, described as a sudden deep inspiration, 
with a sigh or exclamation, commonly followed by flushing of the face, mild 
dizziness, and tachjTmea. No otlier reports on this method appear in the liter- 
ature. 

We have used the method described by the authors, = with one exception: 
the dose of papaverine hydrochloride, 40 rag., was administered in solution in 
1.6 instead of 1.25 cubic centimeters. The method was unsatisfactory in our 
hands. The results are described. 


RESULTS 

Fifty patients, hospitalized for various disorders and aged 20 to 80 years, 
were used in this study. In thirteen patients (26 per cent) the end point was 
good — a deep inspiration occurred. In seventeen (34 per cent) the reaction ^vas 
not satisfactory — ^the end point was very dif6eult to determine. In twenty (40 
per cent) no reading at all could be obtained. 

Duplicate readings were made in those eases in which a sharp end point 
was observed. The results of the tests with satisfactory end points are given 
in Table I. 


Table I. Detersiinatiox of Circulation Time With Papaverine 


DIAGNOSIS 

FIRST READING 
(SEC.) 

SECOND READING 
(.SEC.) 

Tliyrotoxico«.is 

19 

18% 

Hemophilia 

19 

18 

Hemolytic anemia 

Id 

20 

Pernicious anemia 

23 

21 

Pneumonia 

17 V. 

18 

Bronchieeta<-is 

18 Vj 

23% 

Pleural effubion 

20 

20 

Peripheral neuritis 

1C 

21 

Peripheral neunfis 

20 

21% 

Hypertensive heart failure 

18% 

17 

Mitral stenosis with congestive failure 

19 

Id 

Dysentery 

24 

24% 

Abdominal tumor 

23 

21 


COMMENT 

The injection of papaverine hydrochloride to estimate the circulation time 
has not proved successeful in our liands. The following difficulties were en- 
countered. 

1. In a major pinportion of patients no satisfactory end point wa.s obtained. 

2. In patients in whom shai’p end points were obtained, duplicate determina- 
tions differed by as much as 5 seconds. 

3. No satisfactory differences in circulation time occurred in patients wifli 
thyrotoxicosis, congestive heart failure, or anemia or in normal subjcct.s wide s 
were of any clinical value. 
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BLEGTROCAKDIOGRAPHIC FEATURES OF :MYOCARr>IAL 
INFARCTION AS AFFECTED BY INVOLVElilENT OP 
THE SEPTUII AND BY COMPLETE AND 
INCO]MPLBTB TRANSIvIURAL 
INVOIATSI^IENT 

Harold E. B. Pardee, IM.D., and I^Lvrcel Goldenberg, M.D. 

New York:, N. Y. 

I T HAS seemed to llie authors that many of the current theories as to the 
causation of abnonnalities of the S-T junction and T wave and the appear- 
ance of the Q and the Q-S deflections after myocardial infarction are in need of 
testing against tlie findings in human autopsy matenal. It was decided, there- 
fore, to review a scries of cases, correlating the exact situation and extent of the 
infarcted areas Avith the electrocardiographic findings. Leads I. 11, HI. and 
IVP were recorded in this series. 

The usual pathologic descriptions, as found in autopsy reports, W'ere in- 
sufficiently detailed for this purpose and so it was thought advisable to confine 
the study to a group of hearts that could be re-examined because they had been 
preserved in the Pathological Department of The New York Hospital. It was 
possible to obtain eleven hearts of patients who had died of a recent infarction 
and one with an old healed infarct. All but one of these patients had died after 
a severe, acute attack due to coronary thrombosis which occurred within three to 
fifteen days after the initial symptoms developed. The one with a healed 
infarct died of metastatic carcinoma two years after an attack of coronary 
thrombosis. These hearts were examined with the assistance and iisually Avitli 
the actual personal cooperation of Dr, William Dock. When he was not avail- 
able, other 2nei7ibers of the Pathological Departjnent Avere consulted. The 
exact location of the infarct in relation to posterior, lateral, and anterior Avails 
and septum Avas noted and it Avas ob.served AA^hether or not the epicardial or 
endocardial muscle layers Avere affected throughout the area of the infarct. 
The pathologic findings in these cases are summarized in Table I. 

Tabi.c I. D 1 .STR 1 BUT 10 X OF Necrosis axd Scakrixg 


CASE 

I’OKTioy OF HEART 1 2 3 4 5 6 7 S 9 10 11 12 

Buhcpicardial 
Anterior Avail 
Subendocardial 
Anterior ‘•eptntn -i “-o 
Subepicardial 
Posterior Avail 
Subendocardial 
Posterior septum 
Lateral nail 

-b indicates neerosi«. 
sc indicates scarring, 

si indicates a bmall area of necrosis only. 
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bC 


>l 


se 


sc 


+ 

X 


bC 
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SC 
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si 

+ 

si 
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CLIXICAL AXATOAIIC PlXDrXGS 

CASE 1.— On the morning of the day of admission, the patient had a severe coughinc 
spell, collapsed, and became imconscious. On admission, the heart sounds were faint, almost 
inaudible. The patient died on the day after admission after gradually increasing respiraton- 
difficulty and weakening pulse. The heart was not enlarged. The right coronary arterj- was 
thrombosed, and the anterior descending branch was also thrombosed; the circumflex branch 
was patent. There was extensive old scarring in the anterior part of septum and the ad- 
jacent anterior wall and apex. A new infarct was noted in the median portion of the anterior 
wall adjacent to the old scar, affecting the entire thickness of the inu^'de. 

Case 2. The patient had had heart disease for five years. Four years previously, he 
was said to have had myocardial infarction. He was known to ha-ve had blood pressure 
measurement of 220/130, fifteen months before the present illness. The patient was admitted 
in heart failure of one month’s duration, with auricular fibrillation with an apical rate of 
126 per minute. On the third hospital day, he developed severe precordial pain radiating 
into both arms. The blood pressure measurements became difficult to obtain; the pulse was 
almost imperceptible; and the respirations were 48 per minute. The patient died five davs 
later after progressively increasing pulmonary congestion. The heart was much enlarged. 
The right coronary artery was patent; the anterior descending branch was thrombo.«ed; the 
circumflex branch appeared patent; and a small branch in the lateral wall was thrombosed. 
Thpre was a large, recent infarct of the anterior wall and septum, reaching the endocardium 
in both areas, extending to posterolateral wall through the apex. The pericardium and endo- 
cardium in the posterior wall, and the epicardium were not involved. 

Case 3. — Three days before admission, the patient experienced severe pain in the chest 
radiating to the right shoulder and arm; nausea and vomiting. He was very short of breath. 
The cough and shortness of breath grew worse. He entered the hospital on the tliird day, 
at which time he was cyanotic and orthopneic. The heart sounds were faint, and the lungs 
showed numerous moist rales; the ankles showed 1 plus edema. He continued about the same 
for five days and then died suddenly. The heart was slightly enlarged. The right coronary 
artery appeared to be narrowed at the orifice by syphilitic aortitis; ofhenviso it was patent. 
The anterior descending branch was narrowed and a large subsidiary branch of this was also 
narrowed. The circumflex branch was thrombosed; a branch of the circumflex artery appeared 
narrowed. There were old scars, in the posterior wall. A large infarct was found in the 
anterior wall, extending to the lateral wall but neither the endocardial nor the pericardial 
surfaces were involved. The infarct did not extend into the septum. 

Case 4, — The day before admission, the patient experienced a severe attack of epigastric 
pain, radiating laterally around the lower ribs and to the arms. By evening these pains were 
almost continuous. He was awakened at 1:00 a.m., on the day of admission, by an e.specially 
severe and prolonged pain. On the sixtJi day, the temperature %vas 3.9.6® C,, the pulse was 90 
per minute, the respirations were 20, and the blood pressure measured 130/85. On the second 
day after admission, he developed persistent, aching, precordial pain and a pericardial rub 
was heard. This continued for only two or three days, but the pain subsided more .'lowly. 
He seemed to be progressing in a satisfactory manner when suddenly, on the twentieth day 
after the infarct, he developed an attack of severe dyspnea, with a markedly irregular pulse, 
which became very fast. Shortly thereafter he died. The heart was not enlarged. The right 
coronary artery was patent. The anterior descending branch was thrombosed; the circumflex 
branch was open. There xvas a recent infarct in the anterior portion of the septum on the 
endocardial surface only, extending into the anterior wall of the left x'entriclc as far as t ic 
lateral wall. The process was entirely subendocardial. The epicardium was invol'cd on y 
laterally and, there, not extensively. 

Case 5. — Two days before adraissioti, the patient had intermittent attacks of precordial 
pain which recurred on the day preceding admission. He entered the hospital with a tem- 
perature of 38.4° C.; pulse rate 100 per minute, and respirations 20. The blood pre.'sure 
measured 365/100. The leucocytes were 32,000 per cubic millimeter. There were minimal 
rales in the bases of the lungs. His course w-as very satisfactory for nine days, when he snd 
denly became pale and very' short of breath; he died in a short time. The lieart was sma 
The right coronary artery and circumflex branch of the loft were patent. The left descending 
branch xvas open but the septal branch was thrombosed. An infarct of the anterior portion 
of the septum was observed extending to the apex, hut not reaching the epicardial snrfncc- 
It was subendocardial in the left ventricle and al'O to a leaser extent in the right ventneJe- 
No involvement of the anterior wall of the left ventricle or of the posterior portion of ’h'’ 


PARDEE AND GOLDENBERG : ELECTROCARDIOGRAM IK MYOCARDIAL IKTARGTIOK 369 

Case 6. — The day before admission, the patient had severe pain beneath 'the sternum 
and over the precordiiun, lasting until the time of admission. The temperature ranged be- 
tween 37.8° 0. and 39° C.; the pulse rate was 92 per minute; and the blood pressure measured 
132/88 (the systolic value had been 2G0 four years previouslj') . The white blood cells were 
17,000 per cubic millimeter. The course was uneventful for eight days but, on the ninth 
day after admission, there was increasing respiratory distress. The patient died on the 
following day, eleven days after the attack. The heart was slightly enlarged. The right" 
coronary artery showed a recent thrombus; the anterior descending branch was patent and 
tile circumflex branch was tlie site of a recent tlirombus. Old scars were seen in the anterior 
portion of the septum, extending to the epicardial surface, but the endocardium was not 
reached. There was a recent cxiensive lateral infarct, extending from 2 cm. lateral to the 
anterior margin of the septum, around to the posterior wall. Tlie posterior part of the septum 
was not involved. The infarct really lay more posteriorly than anteriorly, definitely postero- 
lateral. 

Case 7. — The patient had experienced an attack of coronary thrombosis two years 
before admission. The sj-mptoms were severe precordial pain, shortness of breath, orthopnea, 
weakness, and loss of appetite. Rest in bed had been enjoined for six weeks. The patient was 
admitted because of disability from carcinoma of the ovary wdth metastasis. The electro- 
cardiogram was taken on the da.y after admission, about three months before death. 
Tlie heart was not enlarged. The coronary artery appeared patent, and the anterior descend-- 
ing branch was narrowed. The circumflex branch was narrowed with one area of closure, 
The lateral wall, near the apex, was scarred, and the apex was involved in its posterior por- 
tion. The septum was not involved. 

Case S. — The patient was known to have had hypertension for four years before ad- 
mission. A week preceding admission, gradually increasing weakness and shortness of breath 
occurred when at rest. Three days before admission, he had slight precordial oppression 
which lasted several hours. He was admitted with pulse barely perceptible. The tempera- 
ture was 36.8 ° C. The blood pressure measured 80/60. The heart sounds were weak and 
the lungs contained numerous moist rales. The temperature was persistently high, and the 
patient died 'with increasing shortness of breath and pulmonary congestion on the sixth day 
after admission. It is noteworthy that this patient did not have a well-defined date of onset. 

The heart was not enlarged. The right coronary artery was patent, and the anterior 
descending branch was open. The circumflex branch was narrowed to 1 mm. in diameter 
and a superficial descending branch on the posterior aspect was thrombosed. There was an 
infarct in the posterior wall, involving the epicardial and endocardial surfaces, but the septum 
was spared. The necrotic area was 3 by 3 centimeters. 

Case 9. — For three nights before admission, the patient had felt precordial pain while 
in bed. On the night before admission, the pain was unusually severe and was associated 
with nausea and vomiting. The temperature on admission was 37.4° C., and the pulse rate 
was 130 per minute. The blood pressure measured 106/74. The maximum temperature 
during hospitalization was 38.2° C. The i)atient developed increasing signs of cardiac fail- 
ure but left the hospital on the seventh day against advice. He died the following night at 
his home. The heart was much enlarged. One-third of the right coronary artery was oc- 
cluded. The anterior descending branch was thrombosed. One-half of the circumflex brancli 
was occluded. There was an old infarct of the anterior portion of the septum, with thinning 
of the apex. There was a fresh infarct involving the endocardium of the posterior wall, but 
the epicardium and septum were not involved. It would seem that the posterior infarct 
might have been due to closure of the anterior branch combined with the narrowing of the 
other blood channels. 

Case 10. — ^No symptoms referable to the heart had been experienced by this patient who 
was being treated in the rhino-otolarjTigologie clinic by irrigation of the antrum. After re- 
turning home from one of these wsits, ho collapsed and became semicomatose. On admission 
to the hospital, the heart sounds were almost inaudible, the lungs showed rales at both bases, 
and the blood pressure was 100/65. The temperature was 38.8° C. The blood pressure gradu- 
ally fell, and he died on the second day after admission. The heart was somewhat enlarged. 
There was a thrombus in the right edronary artery; the anterior descending branch showed a 
recent thrombus. A similar finding was present in the circumflex branch. There were fibrous 
bands in the anterior portion of the septum. A recent infarct was ob.=erved in the posterior 
wall and the posterior part of the septum, extending to both epicardial and endocardial 
surfaces. 
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Cask 11— Tlie patient was admitted to the hospital with lieart failure and hypcrlcnsion 
and for eleven days made satisfactory p)rogress under treatment. He then had’ an attack 
of severe pain with vomiting, followed by a rise in temperature which went n.« high ds 39.3° C. 
The blood pressure fell to 110/98. There was an elevated sedimentation rate and a Icucocytosis 
of 19,000 cells ..per cubic millimeter. The pain subsided and ho was making satisfactory 
progress but died suddenly on the sixth day after the attack. The heart was much enlarged. 
The right coronary artery showed a recent thrombosis; the left anterior descending branch 
exhibited an old closure; the circumftex branch was the site of a recent thrombo.si.s. There 
was old scarring in the anterior wall which did not involve the epicardial layer. A large 
recent infarct was found in the posterior wall, extending into the septum and into the apex 
and somewhat laterally, involving both endocardial and epicardial surfaces. 

Case 12. — Two days before admission, the patient experienced an attack of severe ex- 
cruciating pain in the left side of the chest, extending to the arm. The following day he 
was able to be up but, -on the second day, he had a temperature of 39° C. and felt voiy weak. 
Ho was admitted to the hospital at this time. The blood pressure was 125/75; the pulse 
rate was 110 per minute; and the respirations were 32. He developed cardiac failure fol- 
lowing admission and died on the seventh day. The heart was slightly enlarged. The right 
coronary artery seemed patent. The anterior descending branch was narrowed; the circum- 
flex branch contained a recent thrombus. There was a large intramural infarct on the pos- 
terior wall with lateral extension. Only two small areas, each about 4 by 8 mm., extended 
to the epicardial surface. The smaller of these reached the endocardium. 

ELECTROCARDIOGRAPHIC FINDINGS 

Cases 1 and 2 showed areas of infarction involving the anterior wall and 
the anterior part of the septum. In Case 1 the entire thickness of the anterior 
wall was neerotic, but in Case 2 the subepicardial fibers were not involved to a 
depth of 4 millimeters. The electrocardiograms of both these cases showed the 
typical appearance associated with acute anterior infarction, both in the limb 
leads and in the precordial lead (Pig. 1,B). The Qi and Q-S^ deflections were 
present in both cases, as well as the usual elevation of the S-T junction in Leads 
I and IV, with depression in Lead III. It is noteworthy that in Case 2 the 
subepicardial layers of muscle were not neerotic, because in the records taken 
after the infarction (Pig. 1,5, 0, and B) the precordial lead had lost the R 
lyave (preintrinsie deflection), showing only a large Q-S Avave. This feature 
has been attributed to the effect of a lesion extending entirely through the ven- 
tricular wall, yet such a condition Avas not found in this heart. It is aatII recog- 
nized that the function of muscle is not alumys indicated by its structural ap- 
pearance, A damaged portion of heart muscle may give rise to abnormal electro- 
cardiographic features and yet may appear nomal on later microscopic examina- 
tion, provided that the damage has not been too severe or of too long duration. 
The marked S-T deAuation in the early record may indicate a transient phase 
of damage to these superficial muscle fibers; their ultimate recovery is sug- 
gested by the more normal form of T., in Pig. 1.5. Tlte regression of the carl.v 
S-T and T-Avave changes Avas unusually rapid in this ease, since it almost dis- 
appeared from the limb leads in tAvo daj’-s (Pig. 1,C). One might as.sumc that 
this rapid regression Avas associated Avith a recovery of function in the suryhong 
.subepicardial layers, but if this Avere so, it is surpri.sing that the R AvaA’c did not 
reappear in the precordial lead of the later records (Fig. 1,0 and 5) as experi- 
mental obseiwations AA'ould have led us to expect with such a reeoA'er}'. It is of 
interest also that this heart, in addition to the infarct in the anterior aa'aU, had 
intramural inA'olvemont in the posterior AA'all, not reaching either the endocardial 
or epicardial surfaces, and that there AA'as nothing in the electrocardiogram to 
suggest posterior Avail inA'olA'oment. 

There Avero four ca.scs Avhieh might be said to represent incomplete an- 
terior infarcts, as tlie complete thickness of the AA'all Avas not iin-olyod tt.ases 
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2, 3; 4, and 5). In Case 3, the infarct was entirelj- intramural, as it involved 
the deeper layers of the anterior wall, lint it did not reach either the endo- 
cardial dr epicardial surfaces nor did it extend into the septum. *A record 
before infarction (Fig. 2,0) showed a normal axis of the QRS complex- with 
Q 2 and Qs waves. After infarction (Fig. 2,D) the axis of the QKS complex 
was at the right border of the normal sector, and the deflection was absent. 
.The S-T junction in Lead I was +1 mm., and‘ the T wave was upright. The 
S-T junction in Lead II was -1 mm., and the T wave was inverted. The S-T 
junction in Lead III was -2 mm., and the T wave was inverted. In Lead W 
the QRS, S-T. and T w’aves showed little change from their previous 
noraial form except in amplitude. The R wave persisted, as might be ex- 
pected by analogy with experimental results with an anterior infarct not 
reaching the epicardium, but there ■was no Q 4 deflection, as would have been 
expected vdth such a lesion.® It is of interest that the Q. deflection was abolished 
by an intramural lesion of the anterior Avail which did not involve the anterior 
part of the septum. The appearance of the S-T segment and the T waves in 
the limb leads Avas much like that seen after anginal attacks,^ anoxemia,'* and 
exercise tests.® Considering the four-lead electrocardiogram, one could not 
definitely say that it indicated an anterior infarction. 



A. 


s. 


D. 


Before infarction. B, Les.s than twenty-four hours after the 
attaci^ C, Tt™ after the attack. D, Five day s after the attack. In this and in 

alf subsequent Qsaires. the leads are I, If. Ilf. and IVP, from above do^war^ 
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The lesioii in Case 4 involved the anterior wall and its endocardial surface, 
the anterior portion of the septnui, and the lateral wall slightly, hut not any- 
where did it reach the epicordial surface, except in a small area on the lateral 
wall. The record before infarction (Pig. Z,A) shov'cd left axis deviation of 
the QRS complex with a Q-S 3 wave, an inverted T^ wave of the coronary type, 
and a diphasic (±) T* wave. 



On the day of the infarction, Pig. 3,^ was obtained. The QRS ;^oniploN 
was essentially ixnchanged; the S-T, junction was deprc.ssed and tie > 
was inverted; Uie S-T^ junction wa.s slightly downward, with the T, wave pos- 
live; the S-T, junction was elevated and the T, wave was upright, t le • < 

segment was depressed and the T , wave was inverted. 

These S-T- and T-wave changes are the opposite of those expected with an 
anterior wall infarct. It has been suggc.sted on theoretical grounds by 
and others that such a reversal of direction may be due to the 
only the endocardial portion of the anterior wall The S-T- and 
changes closelv resemble the appearance found in the acute stage of taw 
infarction as described by Wood, Wolferth. and Bellel and-also that seen alter 

exerci.se tests and anoxemia tests. 
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Three days later^ the QKS complex had changed markedly in Lead Hi 
(Fig. 3,C) . The Q-Sg deflection had been replaced by a small R wave and a large 
S deflection, and the axis was now strongly toward the left. At this time there 
Avas an inverted T^ deflection of the coronary type Avith a slightly inverted T^ 
AA^ave, and in Lead III a normal S-T junction AAuth an upAvard T wave. The 
precordial lead shoAved a large Q AvaA’^e, a AA’^ell-developed R deflection, a slightly 
elevated S-T junction, and an inverted T Avave. Four later records, the last of 
Avhicli AA'as obtained four days before death (Fig. 3,Z)), shoAA'ed essentially simi- 
lar features. In the healing stage, the record in the limb leads resembles the 



pictiue in anterior infarction, but there is also some resemblance to the pattern 
associated with hypertrophy and left ventricular strain. In the precordial 
lead, the picture is tyiiical of the healing stage of anterior infarction. In the 
acute stage, the record did not suggest a diagnosis of anterior infarction. 

In Case 5 there was an infarct Avhich involved only the anterior portion 
of the septum, coming to4hc surface beneath the endocardium in the left a-cu- 
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tricle and somewhat in tlie riglit ventricle but the anterior wall or the cpi- 
cardial surface of the heart was not reached. In spite of the lack of cpicardial 
mvolvement, the record of the acute stage (Fig. 2, A) failed to show the R wave, 
in the preeordial lead, where a large Q-S deflection and typical elevation of the 
S-T junction were present. In the limb leads the appearance was not charac- 
teristic of an acute infarct but showed an isoelectric wave and a depression 
of the S-T segment wdth upwmrd T waves in Leads II and III, an appearance 
like that induced by exercise and by anoxemia in susceptible hearts. In tins 
case the record as a whole was diagnostic of acute infarction only because of 
the absence of the R %vave and the characteristic appearance of the S-T and T 
deflections in Lead mf. 

It is of especial interest that, with this purely septal infarct, there is a Q-S 
deflection — absence of the R -wave — in the preeordial lead, such as has been 
attributed to damage of the whole thickness of the anterior wall of Ihe ven- 
tricle,^ and that the T wave in this lead had the appearance supposed to result 
from damage to the superficial anterior layers of the myocardium. 

Of the three cases "with incomplete anterior wall infarction with septal 
involvement, Cases 2 and 5 had a Q-S deflection in the pi-ecordial lead, as 
would have been expected with a lesion inimlving the whole thickness of tlic 
anterior Avail, and the T wave had the appearance expected Avith necrosis of 
the suiierficial anterior layers of the myocardium. Case 4 shoAved normal R 
and S AvaA'es in Lead TV of the early record, but the later record shoAved a 
large Q Avave folloAved by R and S deflections as Avould be expected in a heart 
.such as this Avith' remaining Auable subepicardial fibers above necrosis reaching 
to the endocardium.^ The eaidy record had the S-T and T deflections of Lead 
rV opposite in direction to AAdiat Avould have been expected Avith an acute 
anterior infarction, but the later records in this lead Avere typical of anterior 
infarction in the healing stage. Case 2 alone shoAved the ela.ssical pattern of 
anterior infarction in both limb leads and preeordial leads. Cases 3. 4, and 5 
.shoAved S-T- and T-Avave abnormalities in the limb leads of the earliest records 
like those commonly seen after exercise and anoxemia le.sts. The preeordial 
lead in the fir.st of these cases Avas normal; in the second it resembled that scon 
AAuth exercise and anoxemia te.sts; and, in the third, it suggested anterior 
infarction. 

There Avas one recent lateral Avail infarct (Case 6) Avhich extended into 
the posterior Avail and showed S-T- and T-AA'ave changes like those associated 
by Wolferth and his associates’ Avith the acute stage of lateral infarction. 
Case 7 shoAved an old healed lateral infarct Avith the inverted T, and T, Avaves. 
and preservation of the R, Avave AA^hieh AA-ould be expected according to Wol- 
ferth’s descriptions. 

There AAmre five cases Avith a typical posteiaor, i.c., diaphragmatic, 
tion of the infarct, tAvo (Cases TO and IT) AA'ith, and three (Ca.ses 8, 9, and Iw 
Avithout septal im'olA'ement. Three of these ca.ses (Cases 9, TO, and TT) a - 
forded an opportunity to obserA'e the effect of the infarct upon the elccti'ica 
axis of the QRS complex. A comparison of the records, before and after in- 
farction (compare Pigs. 4.7? and C, and 5, A and B), shoAA'ed that, in all thiec, 
the electrical axis of the QI?S complex Avas rotated toAvard the right, though it 
still remained Avithin tJie noraial sectoi'. 

Cases 8, 10, and T1 each had an infarct involving the complete thickne.ss 
of the po-sterior AA*all and all had a large Qa avuia'c. 

The records of Cases TO and 11, Avith complete posterior Avail and septal 
inv'olA-emenl, shoAved a large Q- Avavc and the tATical acute S-T- and T-avoa'c 
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chauge,s associated Yitli posterior infarction, wth marked elevation of the' 
S-T junction in Lead III and depression of the S-T junction in Leads I and IV. 
Case 11 (Fig. 4,C and D} showed a total inversion of the T wave in Lead IV 
which is not ordinarily described as a feature of posterior infarction. Case 8 
(Pig. 4, A), with a complete mural lesion without septal involvement, showed 
tlie S-T junction and the T waves in Leads II and III of the subacute or heal- 
ing type (eoronaiy T waves), but it must be borne in mind tliat the record 
was not obtained until five days after the .attack occurred. An earlier record 
might have shown more typical acute S-T- and T-wave changes. The precordial 
lead had negative S-T and T deflections of a non-specific appearance, somewdiat 
like the later record of Case 11 (Fig. 4,Z)). 



. 1 . li. c. l). 

Fiff. 4 (Case S) — A, On the fifth day after infarction. B, (Cai<c 11), Before the infarction. 
(7, On the day of the attack. D, On the second day after the attack. 


Thei-e were two cases with an incomplete posterior wall lesion (Cases 9 and 
12). Case 9 showed recent subendocardial and posterior wall necrosis, witb- 
oul involvement of tlie siiliepicardial layers or septum, and an old anterior 
septal scar. The record before the infarction (Fig. 5, A) showed T-wave 
cliange-s due to the old antorior lesion. The record iaken the day after the in- 
farct (Fig. 5,71) showed in the limb leads a small deflection and a minimal 
delation of tlie S-T, junction, while in Lead II there was a suggestion of tlie 
coronary 7 wave usually a.s.soeiated with the healing stage of infarction. The 
piccoidial lead developed a small E' wave but had a normal appearance of the 
S-T segment mid T wave, although the S-T segment was at a lower level than ' 
before the infarct. In later records the coronary T, wave persisted, the S-T 
jnnetion returned to the xero level in Lead III,' and to .slightly above it in 
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Lead I\' (lug. o,C). Ihe absence of a large Q- wave iu this ease might ho 
ascribed to the fact that the old area of degeneration iu the anterior part of 
the septum had prevented the development of a large Q3 deflection by removing 
the potentials normally supplied by this area. The S-T- and T-wave changes in 
the limb leads were fairly tj^ical of those due to posterior infarction, though not 
especially .suggesting an acute lesion. 



Fig-. 5 (Case 9). — A, Before tlie infarction. B, On the first day after the attack. O, On the fifth 
day after the attack. Z>, (Case 12), on the eighth day after Infarction. 


Case 12 had a large intramural posterior wall infarct ivilh only very small 
areas of subepicardial and subendocardial involvement, each about 4 by 8 
millimeters. The record (Fig. 5 ,jD), taken two days after the infarction, rc- 
v'ealed nothing charaeteri.stic of the infarct picture in the limb leads while the 
prccordial lead .showed marked negativity- of the S-T segment and of the T wave, 
as is occasionally seen after posterior infarction associated with typical limb lead 
patterns (c.g., Fig. 4,I>). Such a T^ wave is also seen associated w-ith the limb 
lead features of the exerci.se reaction. In Ca.se 32, Jiowevcr, without typical 
limb lead patterns, the appearance of Lead IV is not .sugge.stivc of acute in- 
farction. In the limb leads there is a very slight elevation of the S-T junction 
in Lead I and a slight depression of thi.s part of the curve in Lead 111. The 
amplitude of these deflections is very small. This deflection is in the oppo.s'itc 
direction to w-hat one would exjject from an acute po.sterior wall lesion. 
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DISCUSSION' 

A careful study of the site and extent of the infarct and a correlation of 
this with the QES-, S-T-, and T-wave changes in twelve cases have revealed 
certain features that are worthy of emphasis : 

Of six cases with records before and after infarction, there' were three 
cases -with an anterior lesion.' One showed a shift of the axis of the QRS com- 
plex toward the right; one showed no shift of the axis; and the other showed 
a shift toward the left. There were three cases with a posterior lesion, and 
all three showed a shift of the axis of the QRS complex toward the right. 

Of two anterior wall infarcts with septal involvement (Cases 2 and 5), one 
v/as associated with typical acute S-T-changes in the limb leads and in the pre-, 
cordial lead and both with the typical Q-S deflection in the precordial lead. ' A 
Q-S deflection in the precordial lead would not have been expected in either of 
these eases because the heart did not show involvement of the subepicardial 
fibers, the feature that has been supposed to give rise to this change in the recoi’d. 

Tlie imjiortance of necrosis of the anterior part of Ihe .septum in relation 
lo changes in the precordial lead is further indicated by the fact that the one 
case of anterioi* infarction without such septal involvement (Case 3) failed to 
show any abnormal features in this lead, while the other four cases of anterior 
infai'etion did have septal involvement and wei'e associated, either early or 
later, with the QRS-, S-T-, and T-wave changes in Lead IV. considered tjToieal 
of anterior infarction. 

Of the four anterior infarcts without subepicardial necrosis, only one 
(Case 2) was associated with the typical QRS-, S-T-, and T-wave changes of 
acute anterior infarction in both limb leads and precordial lead. Case 5 
jihowed typical acute changes in the precordial lead alone. Case 4 showed a 
peculiar appearance in the first rccoi'd but in the records of the third day 
after infarction and later both limb leads and precordial lead suggested an- 
terior infarction. Case 3 was not typical of infarction in the limb leads, and 
the precordial lead was normal. Cases 3, 4, and 5 showed S-T- and T-wave 
changes in the limb leads of the early records like those seen after exercise 
and anoxemia tests. 

Mfiiere were two complete posterior wall infarcts with septal involvemem 
(Cases 10 and 11) and these had typical acute S-T- and T-wave changes in 
l)oth limb leads and precordial lead. There was one complete posterior wall 
infarct without sejital involvement (Case 8) and on the fifth day after the 
attack this case showed S-T- and T-wave changes in the limb leads like 
those associated with a healing posterior infarct. The precordial lead had a 
depressed S-T segment and an inverted T wave, unlike the usual appearance 
in the. healing stage of posterior infarction. 

Two eases with posterior wall infarction without subepicardial involve- 
ment and also without septal involvement (Cases 9 and 12) failed to show 
typical acute S-T- and T-wave changes in the limb leads. In the precordial 
lend of Case 9 there was a normal S-T segment and T Avave, and, in that of 
Case 12, the S-T segment and T wave resembled the usual exercise test pattern, 
though of a typo occasionally accompanying the tjTiical limb lead pattern of 
acute posterior infarction. 

A lesion of either anterior or posterior v all, invoMng also a part of the 
adjacent septum, occurred five times (Cases 1, 2, 4, 10 and 11). It was asso- 
ciated, except in Case 4, Avith the typical S-7- and T-Avave changes of the acute 
])hase of the infarction cuiwe both in the limb leads and the precordial lead. The 
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changes were of the anterior or the posterior type, in conformity .with the 
mural involvement. jMural necrosis without septal involvement occurred in 
four eases, none of which had the typical S-T* and T-wave changes of acute 
infarction (Cases 3, 8, 9, and 12). In the five cases with posterior lesions, 
typical acute S-T- and T-wmve changes, both in limb leads and in the pre- 
cordial lead, were found onlj'’ in the presence of complete transmural and pos- 
terior septal involvement (Cases 10 and 11). In the five with anterior lesions, 
typical acute S-T- and T-wave changes were found both in limb leads and in 
the precordial lead'in only two cases (Cases 1 and 2). Both of these had 
septal involvement, one with complete transmural necrosis, the other witli 
incomplete involvement of the wall, lacking necrosis of the subepicardial layers. 

The importance of involvement of the septal muscle in relation to the a])- 
pearance of the acute S-T-segment changes of infarction in both the anterior and 
posterior situations is suiiirising, for it has been our opinion that damage to the 
subepicardial muscle caused the typical S-T elevation. 

- A Q-S4 deflection occurred once with involvement of the septum and entire 
thiclmess of the anterior wall (Case 1), once with anterior Avail and septal in- 
volvement Avithout the epicardial surface apparently being affected (Case 2), 
and once AAith only the septum and the endocardial surface shoAving damage 
(Case 5). One AAfould expect inA’oh’ement of the AAdmle anterior w'all to accom- 
pany the appearance of the Q-S4 deflection, but in these cases the only constant 
pathologic feature is necrosis of the anterior pail of the septum and subendo- 
cardial layers, A large AA'aA-e aaiUi an R and S deflection AA'as found in the 
later records of Case 4, as Avould haA'c been expected Avith the deeper layem of 
the anterior AA^all affected, AAdthout subepicardial degeneration. These Avaves, hoAv- 
CA^er, did not appear in Case 2 AA'hich shoAved a similar pathologic appearance. 
The apparent importance of the septal muscle iji relation to the appearance of a 
Q-S 4 deflection is surprising in vicAv of our belief that a lesion affecting the Avhole 
depth of the anterior AA'all is necessary to abolish the preintrinsic R deflection. 
Wliat has been said preA'iously about the lack of relationshij) betAveen the .struc- 
tural appearance of heart muscle and its ability to produce a normal electrical 
cui’A'c must be recalled in relation to tlic di.sappearancc of the B deflection from 
the preeordial lead. It is possible that apparently intact muscle fibers might fail 
to giA'e a nonnal electrical reaction, but it is notcAvorthy that in Case 5 the 
necrotic area did not inAmlA'C any part of the anterior Avail of either A’cnti'iclc. 
It AA’ouId seem sui’pi’ising that a physiologic change Av^ould extend so far from 
the necrotic area that aa'us found. 

A large Qs deflection occurred tAvicc Acith a complete lesion of the po.s- 
tcrior AV'all and septum (Cases 10 and 11) and once Avith a complete posterior 
A\all lesion but AA’ithout the septal inA'ohmment (Case 8). A small deflection 
appeared once Avith an incomplete posterior Avail lesion, Avithout the epicardial 
surface and the septum, but there Avas also marked old scarring of the anterior 
septum, Avhich might haA'c preA'ented the appearjiTiee 'of a Avave of larger 
size. Complete transmural inA'olA*emcnt of the po.sterior Avail aa'Os the only 
constant pathologic finding in the ca.ses Avith a largo Q, deflection. A large Q; 
deflection, prcA'iously pre.'^ent, Avas tAA'ice aboli.shed by an infarct of the anterior 
AA*all, once oeeurring Arith, and once Avithout, septal involvement 

The apparent dependence of the Qs deflection upon posterior mural k.sioiis, 
rather than upon posterior septal lesions is of interest. The abolition of a Q. 
deflection, preA'iously present, by a recent intramural infarct in the anterior Avail. 
AA'ithout septal involvement, also has an important bearing upon our concept 
of the genesis of the Qa deflection. It indicates that the mimele of the anterior 
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wall has a part in the appearance of the Q3 deflection in eases with posterior in- 
farction, a fact sometimes lost sight of in theoretical discussions of the cause 
of this wave. 

The resemblance of the limb leads of Cases 3, 4, and 5, with anterior in- 
farction without subepicardial involvement to those records seen after anginal 
attacks, exercise tests, and anoxemia tests is of interest. The reason for the 
similarity of these records may be that in both types -of cases there is a limita- 
tion of the necrosis, on the one hand, and the ischemia, on the other, to the 
subendocardial and intramural layers of the -wall. That cases of angina may 
have lesions of this character has been demonstrated by Buchner,® who found 
areas of subendocardial necrosis in jiatients dying after attacks of anginal pain 
without the typical clinical features of infarction, .such as fever, leueocytosis. 
and increased sedimentation rate. Case 12, with an incomplete posterior 
lesion, showed T-wave changes of this tj^ie in the preeordial lead alone. 

It is a striking fact that the incomplete mural infarcts, without involve- 
ment of the subepicardial layers of the ventricular wall, rarely have records 
that definitely resemble the typical acute infarction curve of anterior or 
posterior type. In onlj' one of the six eases (Case 2) was the record typical 
of such a diagnosis. In Case 5, the precordial lead made the diagnosis prob- 
able, and, in Case 4, the first record suggested an acute lateral infarct. In 
Cases 3, 9, and 12, neither the limb leads nor the precordial lead suggested 
acute infarction. 

There is no definite pattern by which these incomplete mural infarcts can 
be recognized, for Case 2 demonstrates that they may even give rise to a 
typical infarction record, but the frequency of S-T- and T-wave patterns 
like those appearing after exercise and anoxemia tests is ■worth stressing and 
also that these patterns may be found in either the limb leads or in T;ead IVF. 
but rarely in both. 

One case of acute lateral infarction was observed to have the electro- 
cardiographic appearance described by lYolferth, as was also a case with' an 
old healed lateral infarction. 

A search of the literature reveals but three autopsied cases comparable to 
those of our series and with an electrocardiogram including Lead IV. Langen- 
dorf and Kovitz® reported two cases of anterior infarction without the sub- 
epicardial layers being necrotic and with septal involvement. Neither of 
these eases had records suggesting acute infarction. One of them showed in 
the limb leads a normal S-T junction, an upward T, deflection, and inverted 
T2 and Tg deflections with low voltage. In Lead CF^ there was a large Q-S 
deflection, and a normal S-T segment and T wave, while -in Lead CF4, the R 
wave was present, the S-T segment was normal, and the T wave was coved 
and inverted. The other case showed a typical exercise pattern in the limb 
leads with depressed S-T^ and S-T. segments and upward T waves. Lead CP. 
was normal and CFj had a normal E wmve and normal S-T junction but an 
inverted T wave. Price and Jams"® reported a case with posterior infarction 
involving only the subendocardial layers of the posterior wall and septum and 
“extending on to the anterior wall of the left ventricle in its middle and apical 
portions. This anterior portion gradually left the subendocardial layers to 
become intramural near the apex.” The record of this case resembled those 
of the healing stage of posterior infarction (e.g., Pig, 4,D). The limb leads 
showed minimal S-T depression in Lead I with an upward T deflection : the T. 
wave was coved and inverted : the S-T^ junction was -fO.5 mm., and the T^ deflec- 
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tion was inverted. A large Q3 deflection was present. Lead IVB showed a nor- 
mal R wave, a nonnal S-T segment, and an inverted T wave. 

The findings in these three cases are at variance with onrs in that the two 
anterior infarcts with septal involvement, without necrosis of the subepicardial 
layers of the anterior wall, did not have a Q-S deflection in Lead IV. One of 
oiir cases, in fact, did not show this in the early record but did have a large 
%vave in later ones. Disagreement was also found in the case with posterior 
infarction without a eofiiplete transmural lesion, which, nevertheless, had a 
large Qg deflection. They were in agreement with our findings in that one of 
the anterior cases had the appearance in the limb leads commonly seen after 
exercise and anoxemia tests and that all three lacked subepicardial necrosis 
and failed to show the typical electrocardiographic features of acute infarction. 

SUMMARY AND CONCLUSIONS 

It is difficult to summarize these obseiwations because of the many electro- 
cardiographic features that must be considered. Certain associations have ap- 
peared definite enough to ivarrant emphasis, in spite of the small number of 
cases. In this connection, however, the relation between tlie stnictural integrity 
of the myocardium and its ability to produce a nonnal electrical curve must be 
considered. There may be a depression of the physiologic activity of muscle 
Avithout either gi’oss or microscopic anatomic changes but, as far as structural 
alterations are concerned, the follon’ing conclusions seem justifiable: 

After either anterior or posterior'infaretion, but more uniformly after the 
latter, there is a rotation of the electrical axis of the QRS complex tOAvard 
the right. 

The typical S-T- and T-Avave changes, that Ave have come to associate Avith 
acute infarction, occur most often in the presence of necrosis of the anterior 
or posterior Avail, including a portion of the adjacent interventricular septum. 
Mtu’al necrosis Avithout septal involAmment may be associated Avith these 
typical changes, but not as constantly. 

The typical S-T- and T-Aimve changes in the limb leads and the precordial 
lead, and the Q-S deflection in the precordial lead, occasionally appear after 
anterior infarction, even Avithout necrosis of the subepicardial layers of the Avail. 

The Q-S or Q deflection in the precordial lead is associated Avith necro.sis of 
the anterior part of the septum and may be present Avhen this part of the 
septum is affected, even Avithout inAmh^ement of the anterior AV'all. 

A large Qj deflection may appear Avithout the presence of necrosis in the 
posterior part of the inteiwentricular septum, if there is a complete transmural 
lesion. 

The records of cases Avith anterior infarction Avithout subejiicardial necrosis 
somcAA'hat resemble those .seen after exercise and anoxemia tests and during 
anginal attacks. 

The records, after either anterior or posterior infarction Avithout iuA'oh'c- 
ment of the subepicardial layers of the AA'all, rarely have an appearance that 
closely resembles the tj^pical acute infarction cinwe of anterior or posterior I.atap. 


RErKRENCIi3 

1 . AVilsou, P’. N., Hill, I. G. AV., and Johnston, F. D.: Tho Fonn of the Elect rocardiogTani 

in Experimental Myocardial Infarction. III. The Later Effects Produced uy 
Ligation of the Anterior Descending Branch of the Left Coronary Artery, Am. 
Heart J. 10: 903, 1935. 

2. Wilson. F, N., Johnston, F. D., Hill, 1. G, AA^, and Grout, 0. C.: The Elect rocardiogniin 

in tho Later Stages of E.xperimenta} Mx'oeardinl Infarction, Tr. A. Am. Physicians 
48: 154, 1933. 



WII,BURNK: TRANBIEKT ‘‘0” DIASTOLIC BRACHIAL PRESSURE 381 

-3. F«il, H,, and Siegel, M. L.; Electrocardiographic Changes During Attacks of Angina 
Pectoris, Am. J. SI. Sc. 175: 255, 1928. 

Parkinson, J., and Bedford, D. E.: Electrocardiographic Changes During Brief At- 
tacks of Angina Pectoris, Lancet 1: 15, 1931. 

Wilson, F. IST., and Johnston, F. D.; The Occurrence in Angina Pectoris of Electro- 
'cardiographic Changes Similar in Magnitude and in Kind to Those Produced by 
Myocardial Infarction, Tr. A. Am. Physicians 51: 210, 1939. 

4. Levy, E. L., Barach, A. L.. and Bruenn, H. 6.: Effects of Indu’ced Oxygen Want in 

Patients With Cardiac Pain, Am. Heart J, 15: 187, 1938. 

5. Eiseman, J. E. F., WaUer, J. V., and Brown, M. C.: The Electrocardiogram During 

Attacks of Angina Pectoris; Its Characteristics and Diagnostic Significance, Am. 
Heart .1. 19: 683, 1940. 

Master, A. M., Friedman, E., and Dack, S.: The Electrocardiogram After Standard 
Exercise as a Functional Test of the Heart, Am. Heart J. 24: 777, 1942. 

6. Bayley, E. H.: - An Interpretation of tlm Injury and the Ischemic Effects of Myo- 

cardial Infarction in Accordance With the Laws Which Determine the Flow of 
Electric Currents in Homogeneous Volume Conductors, and in Accordance With 
Eelevant Pathologic Changes, Am. Heart J. 24; 513, 1942. 

7. Wood, F. 0., Wolferth, C. C., and Bellet, S.: Infarction of the Lateral Wall of the 

Left Ventricle. Electrocardiographic Characteristics, Am. Heart .T. 16: 387, 1938. 

8. Buchner, F.: Die Eolla des Herzmuskels bei der Angina pectoris, Beitr. z. path. Anat. 

u. z. allg. Path. 89: 644, 1932. 

9. Langendorf, E., and Kovitz, B.: Acute Myocardial Infarction Without Deviation of 

the S-T Segment in t^e Electrocardiogram, Am. J. M. Sc. 204: 239, 1942. 

10. Price, E. K., and Jam's, L. E.: A Cas-e of Subendocardial Infarction, Brit. Heart J. 5: 
134, 1943. 


TRANSIENT “0” DIASTOLIC BRACHIAL PRESSURE (INDIRECT), 
ASSOCIATED T^HTH NORMAL OR ELEVATED POPLITEAL 
PRESSURE, TACHYCARDIA, AND 
NERVOUS TENSION 

C.VPTAIM iilORRIS AViLBURNE. AI.C. 

.^Vrmy op the United States 

I N THE course of the routiue examinations of men between the ages of 18 and 
45 yeai-s for induction into the Armed Poi’ces^ of the United States, a cardio- 
vascular sjTidrome, hitherto undescribed, was observed in thirty-eight exam- 
inees exhibiting a pronounced degree of nei-vous tension. In addition to the 
nervous element, the syndrome was characterized by transient "0” diastolic 
brachial pressure (indirect method), normal or elevated popliteal pressure, and 
tachycar^a. 

In the initial cases it was felt that perhaps we were observing instances of 
functional aortic insufficiency (de.spite certain features to the contrary to be 
mentioned later) ; consequently blood pressure readings were recorded in the 
lower extremities. The desirability of these latter determinations \vas based 
on the observations of Hill, Flack, and Holtzmann,^ Hill and Rowlands," and 
Tjoewenberg^ who have reported the occurrence, in organic aortic insufficiency, 
of a more pronounced discrepancy between the brachial sj'stolic pressiue and 
the poiiliteal systolic pressure than occurs physiologically* (HilPs sign^*''). 
Loewenberg^ has recently stressed the importance of this sign in distinguishing 
functional from organic aortic insufficiency. Unfortunately, several earlier 
eases obsemmd arc not included in this report inasmuch as the oignificance of the 

These obsen,-ations were made during Oie period in which the author served as cardi- 
ologist on the Examining Board of the Armed Forces Induction Station, Tacoma and Seattle 
W a.shington. ’ 

Received for publicaUon Feb. 8, 1945. 

*.VIl branches of service; the majority represent c.xaminations for induction into the Army. 
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observations ^vas not clear at the time, and no detailed data were recorded. It 
wms not until several instances had been encountered that we were prompted to 
perform more complete studies. Inasmuch as no reference to this syndrome 
could be found in the literature, the observations are reported. 


PROCEDURE 


Brachial arterial pressure was determined® by the indirect method in the 
antecubital space ; a standard mereuiy manometer noth a cloth covered, 13-em. 
(width) rubber cuff, hook-on type, was employed. The examinee was in the sit- 
ting position, with his aim slightly flexed and noth his foreann at tlic level of 
the heart. Readings were recorded by the auseultatoiy method in accordance 
ivith the recommendations of the Committees for tlie Standardization of Blood 
Pressure Readings of the American Heart Association and of tlie Cardiac So- 
ciety of Great Britain and Ireland.® The routine procedure was to record the 
level of the diastolic pressure at a well-defined fourth phase (muffling of the 
soimds), or, if absent, at the fifth phase (disappearance of the sounds). None 
of the examinees included in this report exhibited a clear, definite transition, 
although in several instances a faint change was audible. In this regard it 
might be mentioned that considerable uncertainty stiU exists as to which of the 
two phases is the more reliable index of diastolic pressure.'’ ® The popliteal 
blood pressure was determined in a sunilar manner in the popliteal fossa; read- 
ings were recorded both in the standing and prone positions in all examinees 
exhibiting a diastolic brachial pressure of “0.” The cuff was the same as that 
employed in the upper extremity. Circumstances precluded the use of a wider 
cuff. It is doubtful, however, with the employment of a cuff lined with metal 
ribs and a hook-on device which pi’cvented slipping or bulging of ' the rubber 
sac, if this factor could have exerted any significant influence on our l)asic oh- 
servations."* Each examinee was completely naked, and the examining room was 
kept at a comfortable temperature level. No physical effort preceded the blood 
pressure determinations for at least thirty minutes other than the effort of 
undressing and that associated with a gradual, .short move in line. The exam- 
inations Avere conducted in the moming and early afternoon. In the majority 
of instances, there Avas no food intake for several hoin-s preceding the examina- 
tions. The braeliial blood pressure determinations Avere part of the routine 
induction examination. The popliteal examination Avas performed Avhen the 
brachial diastolic pressrtre Avas recorded as “0.’’ An examirree exhibiting a 
brachial diastolic pressure of “0” was reassured, encouraged to relax and giA*cn 
a rest period (seated) of from fiA*e to fifteen minutes. Then the blood pressure 
readings Avere repeated. If stiU unchanged, he Avas told to resume his seat, and 
the readings Avere repeated at ten- to tAventy-minute inlerA’als generally, until 
the brachial diastolic pressure had attained a IcAml of 60 mm. Hg or OA’er. One 
ease was observed in Avhich a rrormal brachial diastolic level Avas rrot attained at 
the end of one and three-fourths hours. This examinee Avas in a state of 
marked nervous tension, and although circumstances prevented a longer rest 
period, it Avas felt, after complete cardiac studie.s, that this case represented a 
similar example of the phenomenon described. This man is not included in the 
gi'oup reported. Blood pressure determinations were frequently repeated in the 
contralateral aim and leg. 


•Rnutlnr- blood pressure determination!* were performed by trained Medical 
enlisted men, instructed in the errors of technique, who referred all e.'camlnec*? <'xlilh!tln„ tJ 
phrnomonon to th*' author for repeat rcadlnps and cardlova<*cul.ar studlfs. 



WlI>BtmKI3: TRANSIENT "0” DIASTOLIC BRACHIAL PRESSURE 


383 


RESULTS 

'J’liirty-eiglii examinees exhibited a relatively uniform pattern, the out- 
standing feature of which was a ‘'0” brachial diastolic pressure, transitory in 
nature. The data are presented in Table I. The brachial systolic pressure on 
initial examination ranged from 118 to 250 mm. Hg, and averaged 159.1. 
The popliteal systolic pressure in the prone position ranged from 162 to 300 mm. 
Hg; the average was 202.3. The popliteal diastolic pressure in the prone posi- 
tion ranged from 68 to 144 mm. Hg, and averaged 101.9. In the standing > 
position, the popliteal systolic pressure ranged from 190 mm. Hg (the only read- 
ing below 200) to 300 mm. Hg, the latter noted in six men; the average was 
247.3. The diastolic pressure in the poiiliteal artery in the standing position 
ranged from 98 to 246 mm. Hg; the average was 159.7. The lowest prerest 
heart rate noted was 90; only two were below 100. The highest rate was 168. 
The average was 127.4. The heart rate was determined in the sitting po.sition. 
Rest periods necessary to bring about return of the bracliial diastolic pressure 
to 60 mm. Hg or above (exclusive of the examinee mentioned previously who 
did not exliibit a retmai to normal at the end of one and three-fourtlis hours) 
ranged from five to ninetj’^ minutes, and averaged 25.8 minutes. Detailed data, 
together with the changes in these values associated ndtli the retium of the 
brachial diastolic pressure readings to values of 60 mm. Hg or over, are presented 
in Tables I, 11, and III. 

Four groups of examinees could be delineated (Table I) : Group 1, wliieh 
includes Cases 1 through 13, represents those men whose brachial systolic pres- 
sure, before rest, did not exceed 140 mm, Hg and whose brachial systolic and 
diastolic pressures after rest did not exceed 140 and 90 mm. Hg, respectively. 
This group probably can be safely eliminated as being nonhypertensive. Group 
2 includes Cases 14 through 18 (five men) and represents those men whose pre- 
rest or postrest sj’stolie brachial pressure exceeded 140 mm. Hg but did not 
exceed 150, and whose post-rest brachial diastolic pressure did not exceed 90. 
The inelu.sion of this as a separate group is made because of the existing un- 
certainty as to the blood pressure levels constituting hypertensidn.” The United 
States Army^” employs 150 mm. Hg, systolic, and/or 90 mm. Hg, diastolic, as 
the upper limits of normal for inductees. Others regard 140 mm. Hg and/or 90 
mm. Hg, systolic and diastolic, respectively, as the upper limits of normal. 
Group 3 includes Cases 19 through 27 (nine Inen) and incorporates those ex- 
aminees whose postrest brachial systolic and diastolic pressures did not exceed 
140 and 90 mm. Hg, respectively, but whose prerest brachial systolic pressure 
exceeded 150. Group 4 includes Cases 28 through 38 (eleven men) who ex- 
hibited postrest brachial readings exceeding 150 mm. Hg, systolic, and/or ex- 
ceeding 90 mm. Hg, diastolic. The postrest brachial pressure, that is, the blood 
pressure following recovery of the diastolic pressure to normal levels, is used as 
the principal basis for the delineation of the cases into four groups inasmuch as 
it is obvious that it represents a closer approximation to the actual blood pres- 
sure than does the initial (prerest) reading. 

It is interesting that follovnng rest only two examinees revealed a brachial 
diastolic pressure exceeding 90 mm. Hg (although three were observed to reach 
this level), and in view of the frequency ivith which blood pressure lability was 
previously observed in Army® and Navj-^i examinees, and the emdent nervous 
state of these men, it is exceedingly questionable if the majority of the exam- 
inees ill Group 4 can be classed as hamng true hj-pertension. The influence of 
otiicr factors on normal arterial pressure has been elaborated repeatedly.®’ 
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Oases 37 and 38 are probaljly the only examinees who can be justifiably regarded 
as hjTiertensive, and yet blood pressure readings of such levels have prewously 
been demonstrated® to occur ti’ansiently in hyperexcitable Army inductees with 
markedly labile vasomotor mechanisms. For this reason these groups ^have all 
been incorporated, as subdivisions, in one table rather than tabulated sepa- 
rately. None of the examinees, including Examinees 37 and 38. were demon- 
strated to have organic heart disease following complete studies. 

Table II. Direct Comparison Between Initial (Prerest) and Postrest Readings 


BRACHIAL B.P. 
(MM. HG) 

POPLITEAL B.P. (mm. HG) 


SITTING ' 

PRONE 

STANDING 

HEART 

SYSTOLIC 1 DIASTOLIC 

SYSTOLIC 1 DIASTOLIC 

SYSTOLIC 1 DIASTOLIC 

RATEt 


Initial (prerest) reading.s: 

Lowest 

118 

“0” 

162 

68 

190 

98 

90 

Highest 

250 

"0” 

300t 

144 

soot 

246 

168 . 

Average 

159.1 

'‘0” 

202.3 

101.9 

247.3 

159.7 

127.4 

Postrest readings: 

Lowest 

116 

60 

145 

68 

170 

104 

76 

Highest 

220 

112 

278 

124 

300t 

210 

148 

Average 

148.1 

75.2 

189.8 

94.8 

237.1 

152.6 

104.7 

Average change” from pre- 

-11.0 

+75.2 

-12.5 

-7.1 

-10.2 

-7.1 

-22.7 

rest to postrest values 


*- represents decrease. 

+ represents increase. 
tSltting heart rate. 

iMaximum value obtainable with mercuiT manometer employed. 


Table III. Response of Examinees to Rise op the Diastolic Pressure From ‘ ' 0 ” to CO 

MM. Hg or Above 



BRACHIAL 

SYSTOLIC 

PRESSURE 

/ ' 

POPLITEAL B.P. 



PRONE 

STANDING 

HE.ART 


(SITTING) 

SYST. DIAST. 

SYST. BLAST. 

RATE-^' 


Number of examinees exliibiting: 

Decrease 27 33 29 32 29 37 

No change 4 2 3 ' 3 4 1 

Increase 7 3 6 3 5 0 


‘.Sitting: heart rate. 


It might be well to mention, at this point, that 300 mm. Hg was the highest 
value obtainable with the mercurj*- manometer employed. However, inasmuch 
as the number of these readings was small, and the probability that the unknown 
excess was not great, it is luilikely that the averages cited are altered to any 
significant degree. In any event it is. evident that they could have little effect 
upon the basic observations. 

“Peripheral phenomena’' (Lewis) exhibited considerable variability 
(Table I). The most common was the “pistol-shot’' sound, occurring in fifteen 
examinees; in all but two instances they disappeared following return of the 
brachial diastolic pressure to normal. Next in frequency was the Corrigan 
pulse, observed in five men. Capillary pulsation was clinically demonstrable 
in only two instances. Both the Corrigan pulse and capillary pulsation disap- 
peared following return of the brachial diastolic pressure to nonnal. Duroziez’ 
murmur was not encountered. 


Table W. Age Distribution of Exashnees^ 

AGE (V-RS.) IS to 20 2 IT 0 I 5 26 TO 30 31 TO 35 3GT0 4 n 41T0 4.G 

number of c.\ses IB 12 s ^2 I 0 

text for comment on relation to general age groups represented by total pxaminoe.^. 
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It will be noted iu Table IV that the vast majority of the examineeii ex- 
hibiting the syndrome were in tiie youjiger age groups. There were fifteen 
between 18 and 20 years of age, twelve between 21 and 25, eight between 26 and 
30, two between 31 and 35, one between 36 and 40, and none between 41 and 45 
yeai-s of age. This proportion far exceeds the general age proportions repre- 
sented by the examinees, and seems to indicate a predilection for younger per- 
sons. A direct comparison with the precise age proportions of the total number 
of examinees cannot be given for military reasons. 

mSCDSSIOK' 

The return of the diastolic bi’achial pres.sure from “O’’ to normal or above 
occurred relatiyelj^ rapidly in the majority of the examinees. In several in- 
stances the sounds were observed to appear and disappear while the cuff re- 
mained deflated and the mercury maintained at “0“ level, or while the 
examinees rested with no enff applied to the arm and with care exercised Ic 
avoid compression of the brachial artery with the diaphragm of the stethoscope. 
It should be recalled that the.se men were completely undrassed, and an arterial 
constrictive factor wms thus eliminated. In some cases a gradual climb in di- 
.astolic brachial pi’essure was noted as manifested by readings obtained on re- 
peated determinations. The length of time required for the “0“ dia.stolic pres- 
sure to return to 60 mm. Hg or moi’e appeared to bear no direel relationship to 
cither the cardiac rate or the height of the .sy.stolic pressure associated with the 
“0” diastolic pressure. 

The mechanisms involved in the genesis of the syndrome are difficult to ex- 
l)lain. Katz’® suggests this phenomenon may resemble that wdiich arises occa- 
sionally in the upper extremities in free aortic regurgitation in which a systolic 
murmur and thrill occur in these extremities when they are raised above the 
head. He feels that in our examinee.s, cither through autonomic (nervous) 
effects or epinephrine release, the result of fear and excitement, stroke output 
is increased and perijiheral vasodilatation occurs. The effect of the inade- 
quately filled vessels and high pulse pressure is to create sufficient turbulence, 
a.s the anaci’otus becomes steeper approaching the periphery, to ])roduce audible 
brachial vibrations despite the exi.stence of zei’O pre.ssure in the blood pressure 
cuff. 

An interesting hypothesis which merits consideration is the operation of 
an adrenergic mechanism based upon Cannon ’.s’ theory of epinephrine re- 
lease in fear. Goodman and Gilman'" state that, apparently, when epinephrine 
i.s absorbed .slowly, as from hypodermic injection, vasodilatation occum in the 
skeletal muscles. This has been demonstrated by Blumgart,®" Starr and his 
associates,"’ and others.""'"® It would be presumed that the nervous tension ex- 
hibited by the examinees was an expression of fear, which, stimulated, increased 
adrenal activity; this resulted in the release of small amounts of epinephrine 
into the circulation, producing aiferial dilatation in the muscle bed of the uppei 
extremities and initiating certain compensatory reflex mechani.sms which main- 
tain nor’mal vjLscular tone oi’ bi'ing about va.soconsti’iction in the lower ex- 
tremities, to counteract the effects of the vasodilatation in the upper extremities 
in order that physiologic blood pressure levels and adequate cerebral flow be 
maintained. Thei'c abso ap])ears to be evidence sugge.sting that, under certain 
conditions, the lower extremities may be more responsive to va.socoustriclor 
influences than the upper oxti'emities. Downman and his a.ssociatcs,"® employing 
decerebrate and anesthetized cats, in the horizontal iiosition, have iTccntly ob- 
served that in some of the animals variou.s .sen.sory stimuli brought about reflex 
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vasoconstriction in the paws of both the hind legs arid the forelegs, but in others 
the vasoconstrictor response was confined to the paws of the hind legs only. 
They regard the anatomic plan of the reflex as the same in man. Evans and 
Stewart^' have noted a more pronounced degree of reduction in the skin tem- 
perature of the foot than of the hand as a result of smoldng, apparently due to 
a more marked vasoconstriction in the skin of the lower extremities than in the 
upper; however, the cutaneous response may not represent the response in the 
muscle ])ed. Pig. 1 serves to present schematically the two divergent meeiianisms 
in the upper and lower extremities. 

2erTtra* tesBioa 
(Psychic) 


Autonoalc Effects 


Tosodllatstlon 




(Pallure of Tssococatrlctor Mectanls* 
End Pnll la UlMtollc Prsssars) 


or 

Tasocoastrletloa 


Fig. 1. — Diagram representing the two divergent effects in tlie upper and lower e^- 
treniities, and, parenthetically, thfe potential failure of the vasoconstrictor mechanism in the 
lower extremities, resulting from a common psychogenic stimulus. 


That these cases do not represent functional aortic insufficiency®’*’’ is 
evident from the following: (1) An aortic diastolic murmur was absent despite 
careful, repeated search in a quiet room. Garvin'*® obseived aortic dia.stolic 
murmurs iri all of fourteen autopsied cases of functional aortic insuffleiency. 
(2) A brachial diastolic pres.sure of “0” is generally not encountered in func- 
tional aortic insufficiency. None of Garvin’s cases exhibited a “0” diastolic 
pressure; the diastolic pressure was below 60 mm. Hg in only one of his cases 
(50 mm. Hg) (3) No evidence, clinical or roentgenologic, of left ventricular 
dilatation®’ ’’ was found. (4) The diastolic pressure in the lower extremities did 
not reveal a corresponding change. 

It is to be noted that in manj'- instances neithei' the brachial systolic nor 
the popliteal blood pressures exhibited a complete return to nonnal levels on the 
retuni of the brachial diastolic pressure to readings of 60 mm. Hg or above. 
It is probable that this is due to the fact that the nervous influences were so 
pronounced that sufficiently basic levels were not attained by our relatively 
short rest periods. Our rest periods were directed only toward obtaining nor- 
mal brachial diastolic levels. This further appears to substantiate the "view^ 
that the syndrome, with its striking feature, a brachial diastolic pressure of 
“0,” represents a -marked degi-ee of psychoneurogenic effect on the cardiovascu- 
lar system. It seems possilfle, assuming the validity of the second hypothesis, 
that this same mechanism may extend to so extreme a point where the compen- 
satory va.soconstrietor mechanisms in the lower extremities fail and a temporarily 
inadequate cerebral flow develops, with resultant syncope. Clinically, sjTicope 
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reactions in iiiglily nervous examinees were not unusual. It is likely that various 
intermediate stages may be encountered in which the diastolic pressure in the 
lower extremities may exhibit subnormal values (Fig. 1). 

"Wliite®^ informs the writer that he has seen excitable persons who revealed 
mai'ked peripheral vasodilatation, but he is not familiar with the cireulatorj' re- 
sponses in the lower extremities. Peripheral vasodilatation of pronounced de- 
gree is occasionally obsenmd in hyperthyroidism®^- ®® and hyperthyroid 
"crises”®’ apparently the lower extremities share in this response.®"' 

It is improbable that the diastolic blood pressure recorded as "0” by the 
indirect method represents a true 0 pressure. However, it probably does repre- 
sent, in most instances, a low diastolic level. Its clinical implications, particu- 
larly in distinguishing this syndrome from true aortic insufficiency are evident. 

SUMMAIiY 

1. In the course of the routine examinations of men between the ages of 
18 and 45 yearS' of age for induction into the Armed Forces of the United States, 
a cardiovascular syndrome, hitherto undescribed, was observed in thirty-eight 
examinees exhibiting a marked degree of nervous tension. 

2. In addition to the nervous element the sjmdrome was charaelci*ized by 
transient "0” diastolic brachial pressure (indirect method), noimal or elevated 
popliteal pressure, and tachycardia. 

3. The bracliial systolic pressure associated noth the "0” diastolic tension 
ranged from 118 to 250 mm. Hg and averaged 159.1. The popliteal systolic and 
diastolic pressures in the prone position averaged 202.3 and 101.9 mm. Hg, re- 
spectively. (In the standing position, as Avould be expected, the popliteal prc.-;- 
sures were considerably higher.) The heart rate ranged from 90 to 168 and 
averaged 127.4. Only two examinees revealed a heart rate below 100. 

4. Following rest periods vai’jdng between 5 and 90 minute.s, the diastolic 
])ressure rose to values ranging from 60 to 112 mm. Hg exliibiting an average 
level of 75.2, The brachial systolic pre-ssurc revealed an average fall of 11 imn 
Hg from the initial (prerest) levels. The popliteal systolic pressure in the 
prone posture exhibited an average drop of 12.5 mm. of memuiy. The popliteal 
diastolic pressure showed an average drop of 7.1 mm. of mercuiy. (The popliteal 
blood pressure in the standing ])osition exhibited a corrc.sponding reduction.) 
The postrest heart rate ranged from 76 to 148, and averaged 104.7, representing 
a fall of 22.7 beats per minute. 

5. The possible mechanisms involved iji the genesis of the syndrome arc 
discussed. 

6. The clinical implications of this .syndrome, particularly in distinguishing 
it from true aortic in.sufficiency, are endent. 
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A NEW POEM OP GENERALIZED ARTERIAL DISEASE IN NEGROES 

Report op Two Cases 

Wallace M. Yater, I\I.D., and Joseph T. Roberts, M.D. 
Washington, D. G. 

T hat Negroes present medical problems differing from those of Caucasians 
is well known. Strildng examples are the racial incidence of sickle-ccl! 
anemia, the rare occurrence of typical acute myocardial infarfition among 
Negroes, the paucity of eases of classical pernicious anemia in them, and their 
immunity ' to infectious mononucleosis. It is recognized that thromboangiitis 
obliterans of the Buerger’s type is extremely rare among blaelis.^ We are re- 
jjorting two practically identical eases of generalized vascular disease in male 
Negroes, the like of which we cannot find recorded in medical literature. Al- 
though the cause is unknown, the condition may properly be called a new form of 
generalized arterial disease, because clinically and pathologically it diffem from 
all presently known vascular diseases. The only remotely similar form is the 
syndrome due to occlusion of all arteries which results from sjphilitic involve- 
ment of the transverse arch of the aorta in which pulsations in the lower ex- 
tremities are preserved. This sjmdrome has been described most recently by 
Aggeler, Lucia, and Thompson.^ 


report of cases 


Case 1. — The patient, W. W., a male Ncgio, .10 ypar.s old, nas adinifted to Oalliiigor 
Municipal Hospital in a stuporous condition on Aug. 4, 194.S. At 10:00 A.>r. on Aug. 1, 1044, 
wliile still in bed and immediately after coitus, he liud had a .ccn.sation of contraction in flic 
throat followed by gencralired convuKions and profuse per.spiration. He was taken to a 
hospital, given fluid intravenou.'ly and .‘•oine pills by month, .and then allowed to refiirn home. 
Another seizure of generalized convulsion.s developed .sliortly lliereaftcr, and he vomited 
several times. The next morning (Aug. 2), he felt much better Imt beciiine dizzy on stand- 
ing and was taken to another hospital, wlicre tieatmcnt was not given, and on tiie followintt 
morning (August 3) tlie convulsions recurred. On the morning of August 4, the patient lifid 
more severe cou'vailsions, preceded by nausea and vomiting and followed by nncon.^cionsncs''. 
.After recovering consciou.'sne.ss, he noted that Jiis left extremities were paialy/ed. For a sliott 
lime before the on.^et of unconsciousnesB, he had noted transient loss of vision. He stattsi 
that for three or four day.s before tlio on.set of his ijlnc.'-s he had been drinking whisky in larcf 


amount.®, and he attributed his illness to the u^c of aleoliol. 

In childhood, tl>e patient had had whooping cougli and meash'.s. In 1934 lie wus in an 
automobile accident and suffered bruises on botli lower extremities and I lie right side of Ins 
face from the eyebrow to tlie chin. He Ava.® imconseious for a short lime after that accident 
but lind no disability there.after. In 1930 he had si urethrsd discliarge, attributed to goiiorrln.i, 
which lasted only tlircc day.® and re.spondeil to treatment witli “ Golden .“^eal. " In 1933 he had 
a penile sore and receiA'cd medication intriiA-enously and inframu'-cularly for a period of one 
year, after Aihich lio Avas discharged a® being cured Of the infection, Avliich is thought to hsiAC 
been sA-philis. Ho had been a moderately .®overc stutterer since childhood and Ava.® rigid- 
handed. Ho believed that lie iiad Iwen somewhat “nervous” most of his life and that this 
symptom had increased in scA-erity during the seA-cral Aveek® prior to the onset of the pre*c-nt 
iliness. For about one year he Imd noticed that, after a day of unusually prolonged walldng, 
ho had developed slight cramps in the left popliteal region, wliicJi di.iappenrc-d shortly if he 
continned Avallang. He had no sA-mptoms referable to other system®. 


, From tljc GcorKftoA’-n l'nivcr.®ily xrrdtc.al Divisfrin of tiif- 
pital, Wa-shlmrton. 1 ). C. 

KccclA-ed for publfcntion Feb. 2J, 194.''>. 
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For juaiiy years the patient had been engaged as a truck driver for a transfer company. 
Uuiing the past four or five }'ears lie had used about one-half pint of whisky daily but had 
never developed any illness which was attributed to alcohol. He had been a smoker for fifteen 
years, and during the past ten years he had averaged about one package of cigarettes daily. 
Ho relevant facts were elicited regarding members of his family. 

The patient was a well-developed and fairly well-nourished, Negro male who lay quietly 
in bed without complaints. He’ was apparently in no distro.«s except for mild appiehension 
regarding the paralysis. The temperature was 98° F., and the respiratory rate was 20 per 
minute. The pulse could not be palpated in any of the superficial vessels. Left hemiplegia 
was immediately obvious. There was very profuse perspiration on the left side of the body, 
whereas the skin on the right side of the body was unusually dry. The line of demarcation 
between moist and dry areas was quite sharp in the midline. The pupils reacted normally 
to light and accommodation. There was a slight or questionable degree of exophthalmos. 
Ophthalmoscopic examination revealed questionable papilledema; there were no hemorrhages, 
exudates or other abnormalities. The, teeth were extensively carious. The thyroid gland was 
palpable and seemed to be diffusely enlarged to a slight degree. The lungs were apparently 
normal. Over the precordium, excessive cardiac activity was visible and palpable. The apical 
rate was 130 per minute. The cardiac rhythm was regular. The apex beat and left border 
of cardiac dullness were in the midclavicular line in the fifth intercostal space. No murmurs 
were audible. The aortic second sound was accentuated. All four extremities were quite 
cold, more so on the left than on the right. There were no palpable pulsations in the arteries 
of the arms, legs, or head; slight pulsations were found in the suprasternal notch, the ab- 
dominal aorta, and the external iliac arteries. Efforts to measure the blood pressure in each 
arm were unsuccessful when attempted by members of the resident and visiting staffs.^ In the 
lower extremitio.s, the blood pressure was 130/120 over the left popliteal arterj- and 170/120 
over the right popliteal arteiy. Examination of the neuromuscular system revealed flaccid 
hemiplegia on the left side vath weakness of the left facial muscles. The tongue seemed to 
deviate to the left side on protrusion. The cremasteric and abdominal reflexes Avere absent 
on the left side. Sensation was absent on the left side, as tested by pinprick, stroking with 
cotton, tuning-fork %nbrations, and changes in position. 

Laboratory examinations during the course of liospitalization, including urinalysis, 
hemogram. Halm test of the blood, blood urea nitrogen, blood cholesterol, and examinations 
of the .spinal fluid were normal or negative, A roentgenogram of the chest was normal. Four 
electrocardiograms revealed only persistent elevation of the S-T segment in Lead CF^ of about 
3 millimeters. Basal metabolic lates were -15 per cent and -5 per cent. Thorotrast arterio- 
grams of each lower extremity showed filling of the femoial arteries and a few collaterals 
but not of the tibial arteries. Urologic investigation was negative. 

Within a few days the patient’s general condition was greatly improved. Theie wa.*- 
slight fever for only two days. The paralysis rapidly improved and, after several vreeks, had 
almost completely disappeared. Frequent examinations of the peripheral vascular system were 
made independently by numerous obseiwers. A tabulation of the results of these examinations 
shows remarkable agreement. The last observation was made on Feb. 24, 1944, after the pa- 
tient had left the hospital. *U1 c.xaminers stated that there were no pulsations in the arteries 
of the right side of the head, neck, and the right upper and lower extremities. On onlj’ one 
occasion was the left temporal artery said to be pulsating. The left external maxillary 
arter}' was never found to pulsate. The left common carotid was thought to pulsate weakly 
only, on the last examination. The left subclavian and axillary arterie= weie thought to be 
pulsating, each on only one occasion. The left biachial artery was thought to pulsate weakly 
le.ss than half of the time. The left radial ua.-- not palpable on most occasions but was well 
felt on the last. The left ulnar artery was felt to pulsate on- the last examination only. The 
abdominal aorta had strong pul.'.ations throughout. The right external iliac was said to 
have weak pulsations at first and strong ones later. Pulsation in the right upper femoral 
artery was felt on a few occasions only and then was said to be weak. The right popliteal 
artery was felt only once, Avhile the right dorsalis pedis artery was never felt. The right 
posterior tibial artery in the foot was felt to pulsate from Oct. 19, 1943, on, and was consid- 
ered to bo pulsating normally before the patient left the hospital. The left external iliac 
artery was pulsating weakly at first, but normally later, whereas the left femoral arterial 
pulsation, at first imperceptible, later became feebly palpable. The left popliteal artery was 
thought to be pulsating feebly on one occasion, but the left donsalis pedis artery was never 
felt. Pulsations in the left posterior tibial arterj- were not felt until Oct. 19, 1914, and then 
appeared, increasing gradually to normal strength, ^ ^ 
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Tlie blood pie&sme could not bo measured in the right arm until Nov. 4, 1943, and was 
then recorded at a low level, finally attaining S6/76. In' the left arm there was no measurable 
blood pressure at first, but it became evident at a low level on Sept. 9, 1943, and finally 
reached 112/98. In the right thigh (popliteal arterj^ the blood pressure ranged from 168 
to 230 systolic and from 90 to 140 diastolic; the last measurement was 190/102. In the left 
thigh the pressure ranged from 148 to 200 systolic and from 90 to 120 diastolic, the last record- 
ing being 180/100. On one occasion 0.03 Gm. of papaverine and, on another, 2 c.c. of Spas 
malgin, given hypodermically, did not alter the pulsations or the blood pressure measurements. 
Oscillometric examinations confirmed these findings. 

^ There were no trophic changes in the ex-tremities; both feet remained equally cool. When 
last seen, the patient had a very slight residual limp, but other evidences of the paralysis 
had practically disappeared. His weight had' increa.sed from 136 poirnds to 151 pounds. 

On Aug. 25, 1943, a segment of the right radial artery was removed for histologic ex- 
amination. There was no bleeding from the artery and only slight bleedrng from , the reins 
Histologic sections of the artery showed a small, star-shaped lumen. There was no evidence 
of active inflammation (Pig. 1). The intima was not thickened. The media (demonstrated 
with Mallory’s connective tissue stain) had suffered disappearance of most of the muscle 
fibers with replacement by fibroblasts. Sections stained xvith Weigert’s elastic tissue stain 
revealed the internal elastic lamina to be somewhat broadened and thickened, with practically 
no elastic fibers in the media. The adventitia was not altered, and the veins appeared to be 
normal. 
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Fig. 1. — Case 1. Cross section of radial artery. Fibrosis of media. Reduced from a mag- 
nification of X30. (Photograph from Army Medical Museum, Washington, D. C.) 

Case 2. — The patient, K, B., a male Negro, 30 years old, was admitted to Gallinge'’ 
Municipal Hospital at 5:20 p.M, on Dec. 24, 1943. Shortly after awakening at 7:30 A.il., 
he had developed a severe headache in tlie right temporal and parietal regions. Witliin a fc" 
minutes he became completely blind in the right eye, and the left upper and lower extremitree 
became paralyzed. Consciousness w’as lost about 8 a.m., and he was found by members of his 
family several hours later. During the night before, he had drunk a pint and a half of cheap 
whislcj' and had become nauseated, but not intoxicated. 

For about a year and a half, the patient had had aching pain in the calves of the logs 
after walking or running a short distance. Usually the pain began after he had walked onc^ 
or 'two blocks and graduall}' increased, if walking was continued. The pain was more severe 
in the right calf than in the left. During this time ho was employed* as a bellboy in a hote 
and was able to do his work only because he made short trips. At the same time ho had shg 
impairment of vision in both eyes, but this was not severe enough to prevent his driving an 
automobile. He had had mild headaches for a long time, and these had been more fretjuen 
and more severe during the three weeks prior to the onset of paralysis. There had also been 
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mild dmzy spells, usually more severe after bending over. In childhood he had had mumps, 
whooping cough, measles, 'chicken pox, and scarlet fever. At preschool age there had been 
an illness of unknown nature followed by slight permanent weakness of the left facial muscles. 
Pneumonia had occurred in 1910. The patient had had gonorrliea twice, the second time in 
1941, but there was no history of syphilis. Tonsillectomy had been performed in 1943 because 
of frequent sore throat, which did not recur following operation. A pint of whisky had been 
used daily for a yearj about one year before the present illne.cs. 

On admission to the hospital the patient Avas stuporous and somewhat combative when 
aroused. There was urinary incontinence. He was well developed and well nourished. Com- 
plete paralysis of the left side of the body, including the lower half of the face, was obvious, 
but the deep reflexes were slightly increased on both sides, perhaps a little more on the left. 
The abdominal reflexes were absent; the cremasteric was absent on the left and present on the 
right. Babinski’s sign was prominently positive on the left and negative on the right. The 
circumference of the left tliigh was C cm. less than that of the right. The rectal temperature 
was 99“ P., and the respirator}' rate was 20 per minute. Of unusual interest was the absence 
of pulsations in all peripheral arteries except in the left aim, the femoral arteries in Scarpa’s 
triangle, and possibly the left carotid. There was great tenderness over the right carotid 
artery, vvhich persisted for at least six weeks. The pulse rate was 80 per minute in the left 
arm; the blood pressure measured 140/100. Ophthalmoscopic examination revealed pallor of 
the right optic disc and severe narrowing of the arterioles; tlie left fundus appeared to be 
normal. Laboratory tests, including urinalysis, blood coimts, blood Kahn test, blood urea 
nitrogen, blood cholesterol, basal metabolic rate, and examination of the spinal fluid were 
all normal or negative. Electrocardiograms made on January 21 and February 10 revealed 
only that the P-E interval was 0.2 to 0.22 second. Urologic investigation was negative. 

The status of the patient did not change much during tlic first week. In the second 
week the sensorium cleared progressively. During these two weeks the rectal temperature 
ranged daily between 100° F. and 101“ F. By the fourth week the patient was able to stand, 
and by the sixth week ho was able to use Ms arm and leg to about 50 per cent of normal 
capacity. At this writing, Oct. 28, 1944, there is still a limp, some clumsiness of the left hand, 
and almost complete paralysis of the lower half of the left side of the face. There is com- 
plete right optic atrophy. The reflexes are normal. 

During these ten months of observation, the peripheral vascular system was examined 
repeatedly by numerous physicians. A tabulation of these examinations reveals that the right- 
temporal artery was found to be pulseless except on two or three occasions when it was thought 
to have a faint pulsation; the right carotid arteiy was always pulseless, as was the right ex- 
ternal maxillary; the right subclavian artery was pulseless except during the last two months; 
the right axillary artery was piflseless until now, the time of writing, when it appeared to 
pulsate normally; and the right brachial, radial, and ulnar arteries were continuously pulseless. 
Pulsations of the right femoral artery were recorded as varj'ing from absent to normal, but - 
were usually present; but the right popliteal, dorsalis pedis, and posterior tibial arteries were 
always pulseless. On the left side the temporal artery was usually recorded as pulseless, the 
carotid pulsation as absent or weak, the external maxillary as absent or weak, the subclavian 
from absent to normal, and the axillary, brachial, radial, and ulnar pulsations were usually nor- 
mal, although recently weaker. The pulsations of the left femoral artery were recorded as 
being absent, weak, palpable, normal, or strong, but definitely present; the left popliteal 
artery was recorded to have pulsations ranging from absent to strong but recently weak, and 
tlio same statement applies to pulsations of the left dorsalis pedis and posterior tibial arterie's, 
which are now very weak. Oscillometric examinations corresponded with these results. 

Blood pressure measurements were obtainable only in the left arm and the left thigh. 
In the former, they were usually about 130/90; whereas in the left tMgh (popliteal region) 
tliey were not obtainable until April, since when they have varied from 150 to 215, systolic, 
and 100 to 160, diastolic. On the last examination the reading was 155/100. On April 13, 
1944, following the intravenous injection of 60 mg. of papaverine, there was no appreciable 
change in the degree of any arterial pulsation or in the blood pressure readings. 

There have been no trophic changes of the extremities or digits. The feet have been 
relatively cold. At first, the right was cooler than the left, but recently the left foot has 
become considerably cooler than the right. 

On Jan. 11, 1944, an arteriogram of the right leg, obtained by injecting Thorotrast into 
the right femoral arterj- in Scarpa’s triangle, failed to show filling of the arteries below the 
middle of the thigh. On April 4, 1944, a left carotid arteriogram, made by injecting the 
TJiorofrast directly into the common carotid arterj- through the skin, showed filling of all 
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; .cerebral, vessel^ of the left hemisphere but none of the right. . This test was repeated on Oct. 
il, 1944, after surgical exposure, of the artery, and revealed the same condition. Ou direct, 
examination during operation the artery , appeared to be much thicher, than normal.. 

On Jan. 1, 1944, a biopsj' was made of the left posterior tibial artery. Both rein and 
artery were , of small diameter. The vein was patent, but the lumen- of the artery yns verv 
small; both were bloodless. On Oet. 18, 1944, Dr. J. Boss Veal exposed the right common 
. carotid artery and found it pulseless and solid. The veiiis were patent, and there were no 
.adhesions. around the vessels. A segmeiit of the artery was excised without the need for iiga- 
, , tion. Sections of the posterior tibial artery showed the vessel to be thickened and the lumen • 
slitlike (Pig. 2). The, intima was slightly thickened. The media was interspersed with fibrons 
. tissue wliich had replaced about 60 per cent of the muscle fibers. The internal elastic, lamina . 
Vwas moderately thickened. Tire adventitia appeared to be normal. There were no active in- ' 
,, ilammatory elements. The veins were apparently unatfected. ! 

- - • Examination of sections of the right carotid artery show the lumen to be eccentric and 
■ reduced to about one-third normal size and filled with an unorganized clot (Pig. 3). " The ■. 

~ remainder of the old lumen was 'filled with organized tissue which may have been the result, 
pf subintimal proliferation. All of the blood vessels in this tissue were small endothelium- 



Fig. 2. — Case 2. Cross section of dorsalis pedis arterj- with vena comitantes. ^|^*ke 
' lumen with severe fibrosis of media of artery. Reduced from a magrniflcation of X30. (iriioio- 
graph from Armj' ^ledlcal Museum, Washington, D. C.) 



Fig. Case 2. Cross section of right common carotid artm. « 

ion -a-lth reduction of size of lumen, which Is '• 

lagnincatlon of X15. (Photograph from Army Medical Museum, Washington, , J . . 
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lined spaces. This tissue looked like a network with irregularly .sized, rounded spaces inter- 
spersed with darkly' staining nuclei. Some of the spaces appeared to have contained choles- 
terol, but a- stain for fat was liot made before embedding. The presence of mucin was ruled 
out by means of a mucicarmine stain. The spaces Were probably, therefore, ■ the result of 
edema. The media had been replaced largely- by connective tissue, most notably in the, inner 
half (Fig. 4), as shown by Brilmeyer’s stain. Sections stained with Weigert’s elastic tissue 
.stain showed a moderately disrupted internal elastic lamina, and the elastic libers of the 
media seemed to be denser than normal, but this effect might be due to narrowing of ^the 
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media from contiucture (Fig. 5). I'lie small arteries in the adventitia had small lumens and 
greatly tluckened walls due to marked subintimal proliferation, and there was great reduc- 
tion in the thickness of the media. Nowhere was there any evidence of inflammation. 

DISCUSSION 

The only vascular disease of Imown cause is that due to syphilis. So far as 
our definite knowledge is concerned, the only vessels of the body affected by s}T)1i- 
ilis are the aorta and other large arteries and the small arteries of the central 
nervous system. Cases of disease of the medium-sized arteries, particularly of the 
extremities, have been reported as being caused by syphilis, but the proof is in- 
adequate. Because syphilis is so prevalent among Negroes, it is not unnatural 
to try to attribute arterial disease in members of this race to this cause, when 
a definite etiological diagnosis cannot be made. Although one of our two 
patients had had syphilis, there is no histologic or other evidence that the 
vascular disease is of that origin. Neither patient had evidence of aortitis or of 
.syphilitic disease of the central nervous system, and Kahn tests on both were 
negative. 

In 1937, one of us (W. M. Y.)^ reported five cases of thromboangiitis 
obliterans in male Negroes. The lower extremities were mainly affected. On the 
■whole, the findings in these cases closely resembled those of Buerger’s disease in 
Caucasians. One of us (W. M. Y.) has not obseiwed any more cases of vascular 
disease resembling Buerger’s disease among Negroes, but an additional patient 
with this condition has been treated in this institution by Dr. J. Eoss Veal, Tivo 
of the five patients reported have remained under observation. One (Case 1) 
has not had any further symptoms referable to his feet, which he has excellently 
cared for. He is now suffering from chronic congestive heart failure, the result 
of calcific aortic stenosis and regurgitation. The other patient (Case 4) has 
had no further symptoms except for an attack of acute superficial phlebitis which 
responded promptly to treatment. All five of the patients had or had had 
s^Tihilis, but biopsies of their arteries did not reveal evidence of that disease. 

These two new cases of unusual vascular disease in male Negroes cannot be 
explained, but it is our opinion that there have been multiple silent episodes of 
thrombosis in medium-sized, and even larger, arteries, mainly of the peripheral 
vascular tree. The first symptom -^ms the onset of intermittent claudication and 
this was followed, more dramatically, by thrombosis in an artery serving the 
brain. That this thrombosis might have been the result of acute arteritis was 
suggested by the extreme tenderness over the right carotid artery in Case 2, but 
histologic examination of the artery ten months later did not reveal any residual 
infiammation, which might have been expected to persist. It was baffling and 
astounding to all observers to see two patients wdthout pulsations in practically 
all of the peripheral arteries, a phenomenon w'hich none had pre'riously seen in 
li'vdng subjects not in a state of extreme shock. 

The study of the biopsy specimens in the two cases did not help to elucidate 
the nature of the disease. That the arteries were occluded proximal to the area 
of biop^ was sho-wn by the lack of bleeding when the sections of the arteries 
were excised. The fibrosis of the media and jhe small size 6i the lumen could 
have been the result of disuse alone. That the lack of pulsations in so many 
arteries ivas not due to spasm was demonstrated by the fact that antispasmodics 
did not produce any change and that, as the months passed, there was very 
moderate improvement in the amplitude of pulsations. The collateral circulation 
’ was adequate, as attested by the absence of trophic changes, except follovnng 
the cerebral episodes wfflich left slight residual defects. 
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In the sections of arteries examined there was no evidence of active infla,m- 
mation. The fibrosis was confined to the media, and there was no indication 
of previous periarterial infiammation. The carotid artery in Case 2, examined 
by biopsy ten months after the development of the hemiplegia, showed iiTegular 
and extreme subendothelial proliferation and some disruption of the internal 
elastic lanxina. Strangely, the clot in the narrowed and irregular lumen showed 
no organization. The small arteries surrounding the carotid also showed sub- 
intimal proliferation and reduction in size of the lumen. 

The absence of infiammatory elements in the biopsy specimens leads us to 
suggest the possibility of some chronic intoxication that lead to degenerative 
changes of the intima at certain points, with resultant subintimal proliferation 
and, eventually, thrombosis. That ''essential thrombophilia,’' as described by 
Nygaard and Brown,® was not the cause of the thromboses is shown by the 
absence of venous thromboses. The disturbance in our two patients is distinetlj’' 
arterial. 

The findings in the two cases showed no similarity to periarteritis nodosa.^’ •’' 
They are certainly not-similar to those of generalized thromboangiitis obliterans 
of the Buerger’s type, either clinically or histologicallj'. The cerebral vascular 
accidents were undoubtedly the result of thrombosis of the common carotid 
artery (Case 2) and of either the common carotid or the internal carotid arteries 
(Case 1). In cases reported as cerebral thromboangiitis obliterans, cerebral 
vascular phenomena have apparently been the result of widespread involvement 
of the small vessels in the brain,® rather than in the larger arteries, and inflam- 
matory elements have been present. 


SUMMARY 

Two cases of a previously undescribed form of arterial disease have been 
reported. Both patients were male Negroes, 30 years of age, who were well 
except for recent intermittent claudication, until affected by hemiplegia of 
sudden onset. Pulsations were absent in practically all of the peripheral 
arteries except the upper femorals, and in greatly reduced intensity in a few 
others. A striking feature was the absence, or great impairment, of pulsation 
in the arteries of the neck and head. The nature of the disease could not be 
ascertained. It is postulated that an arterial degeneration of unknown cause 
resulted in multiple thrombotic episodes in numerous portions of the peripheral 
vascular tree, including those of the head and neck. 

Tho photoniicrogiaphs used lieiewith were made by Mr. Eoy M. Reeve, Amy Medical 
Museum, Washington, D. C., negatives numbered 83944 through 83948. 
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THE EVALUATION OF VASCULAH RESERVE IN PERIPHERAL 

VASCULAR DISEASE 

(TA:MLrEL Saland, M.D., New York, N. Y., and 
C iVPTAiN Bension Calef, M.C., Army op the United States 

A lthough clinicians in the past were well acquainted with the sj^mptoms 
and signs of peripheral vascular disease, it was not until the last t^vo dec- 
ades that methods were described to test the patency of the blood vessels of 
esti’emities. In 1926, Brown^ obtained vasodilatation by means of intravenous 
administration of typhoid vaccine. In IMay, 1930, White^ and Brill and 
Lawrence,^ at the same time, but working independently, showed that spinal 
anesthesia caused an increase in the surface temperature of the feet. Scott and 
Horton,^ in June, 1930, found that general anesthesia gave the same complete 
abolition of vasoconstriction. Again, in October, 1931, Scott and Morton® in- 
jected the posterior tibial nerve to differentiate arterial spasm from organic^ 
obstruction. Sir Thomas Lewis,® in 1929, used heat to induce peripheral vaso- 
dilatation, and, in 1932, Gibbon and Landis^ produced a similar reflex result 
in the legs by immemion of the forearms in warm water. The latter authors 
decided, in 1933,® that the immersion test compared favorably with the other 
methods of vasodilatation. In 1938, Beck and deTakats® injected sodium nitrite 
intravenously and observed the increase in oscillations, as measured by the 
oscillometer. 

When one who works 'with peripheral vascular disease is presented with such 
a variety of procedures, he is really at a loss to know which method he should 
use, from the point of view of ease of procedure and dependability of result. It 
is not very feasible, of course, to give a patient spinal or general anesthesia for 
the testing of vasodilatation, especially as a clinic or office procedure. For the 
past eight years, therefore, we have experimented ivith the various methods of 
producing vasodilatation, and the details of these findings may be found in 
other publications.^®’ The final conclusion from all these studies was that 
novocain block of the common peroneal and posterior tibial nerves was the test 
of last appeal to determine whether full vasodilatation could be obtained, and 
the mea.sure of the degree of vasodilatation was designated as vascular reserve. 
Due to the fact that many who work ^vith peripheral vascular disease block 
only the posterior tibial nerve and omit the common peroneal, it was felt that we 
should determine to our satisfaction whether or not that procedure alone was 
sufficient to give full vasodilatation. We desired to find out if it was necessary 
to include the common peroneal or if blocking the common peroneal was a super- 
fluous procedure. 

PROCEDURE 

We chose twenty patients in whom full vasodilatation had been obtained by 
blocking both the common peroneal and posterior tibial nerves with 2 per cent 
novocain -without adrenalin. The diagnoses in these eases w’ere as follows: 
arteriosclerosis obliterans, eight; no peripheral vascular disease, six; post- 
phlebitic sjmdrome, two; vasospasm, two; scleroderma, one; thromboangnt’'’ 
obliterans, one. 

From the Department of Peripheral Vascular DI‘ieai50'?, Bronx Ho-ipltnl, Ncr,' Tort. 
Received for publication aiarch 8, 1945. 
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iVfter full vasodilatation had been shown, block was produced in each 
jialieiit at two subsequent visits to the clinic; at one time the posterior tibial 
nerve alone was blocked, and on the other visit the common peroneal nerve wms 
injected. No readings were considered valid unless the neiwe block had been 
definitely confirmed as follows: Block of the common peroneal ner\m was indi- 
cated by (1) loss or diminution of sensation of the entire dorsum of the foot, or 
(2) inability to flex dorsally the toes of the foot, inability to flex dorsally the 
fool on the ankle, and inability to evert or invert the foot. Block of the posterior 
tibial nerve was demonstrated by loss or diminution of sensation on the plantar 
aspect of the foot. The common peroneal nerve Avas blocked at the neck of 
the fibula, and the posterior tibial nerve was blocked 1 inch above the loAvcr end 
of the internal malleolus on the posterior aspect. 

All tests were carried' out with the room temperature beloAV 26° C. ; it was 
often as low as 19° C. and once went as low as 16.1° C. Block Avas not attempted 
unless the temperature of the large toe, to be tested, Avas beloAv 26° C. Often the 
toe temperature Avas nearer 20° C. Full A'asodilatation Avas indicated by a tem- 
perature of at least 30° C. one hour after confirmation of the block. All 
readings Avere made at the liasc of the nail of the large toe, and Avere taken with 
the Tajdor dermatherm. The results Avere estimated in percentage rise from the 
starting temperature beloAV 26° C., to 30° C. For instance, if the temperature 
on the large toe before the block AA'as 20° C., a rise to 30° C. represented 100 
per cent \msodilalation ; likcAA’-ise, a rise at the end of one hour to only 28° C. 
represented eight-tenths or 80 per cent A^asodilatation. Onlj’’ one case Avas in- 
cluded that shoAved a rise to only 29.5° C. after blocking both nerves. 


RESULTS I 

Blocking of both the common peroneal and posterior tibial nerves. All 
patients shoAved a I’ise from beloAV 26° C. to at least 30° C., except the one men- 
tioned above AA'hich shoAA'ed a rise to only 29.5° C. 

Block of the posterior tibial nerve only. ElcA'cn of the tAA'enty patients 
shoAved a rise to 100 per cent; one shoAved no rise at all; and the other eight 
shoAved increases of 56. 60, 75, 80, 80, 85, 87 and 91 per cent, respectively.' 

Block of the common peroneal nerve only. The data in three cases Avere 
not recorded ;, three patients shoAved no riseAat all; and the others shoAved in- 
creases of 8, 23, 27. 27, 33, 40, 50, 59, 63, 71, 80, 82, 86, and 100 per cent, 
respectively. 

COMMENTS 

In i\Iay. 1940, aa’c published criteria for the classification and diagnosis of 
peripheral vascular diseases.^^ At that time Ave emphasized the point, that it Avas 
important in reporting results of therapy, that the initial status of the patient be 
determined, that some method be established to determine progress, and that uni- 
foim diagnostic standards be established to make possible A'alid comparisons 
of data from many sources and to permit ciystallization of prognostic and 
therapeutic principles from these data. 

We also felt, as Ave do noAv. that determination of A-ascular reseiwe is the most 
important single objective in the study of the patient. It is a measure of degree 
of vascular impairment and an indication of hoAv much Ave may hope to attain 
Avith suitable therapy. Periodic determination of vascular reseiwe is useful also 
as a means of folloA\ing ehangc.s in the Aascular .status of the patients’ limbs. The 
only knoAvn Avay to determine this vascular reserve is by vasodilatation tests, 
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and the only methods that give the answer unequivocally are those that eliminate 
the vasoconstrictor pathways. These methods in the past have proved to be 
paravertebral block, sjunpathectomy, spinal or general anesthesia, and peripheral 
nerve block; and, as has been shown in this communication, in the case 'of 
peripheral nerve block, one must employ block of botk the common peroneal and 
the posterior tibial nerves simultaneously. 

CONCLUSION 

Twenty patients, in whom no%"ocain block of the common peroneal and 
posterior tibial nerves produced complete vasodilatation, were tested subse- 
quently by blocking the common peroneal and posterior tibial nerves individually 
at different times. It has been showm that, while block of the posterior tibial 
nerve alone gives more efficient vasodilatation than block of the common 
peroneal alone, one must block both nerves simultaneously in order to get a' 
dependable and unequivocal result. Block of either one of these nerves alone 
cannot be relied on to give the maximum vasodilatation at all times. 

We wisli to give credit to Mrs. Eosa Abraham, E.N., and Mrs. Leah Banks for their 
valuable technical assistance. 
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Clinical Reports 


ELEGTE0CAEDI06EAMS SIMULATING POSTBRIOE SffOCAED^ 
INFARCTION AFTER CESSATION OF PAROSYSltAL TACHYCARDIA 

Jack L. Bisasian, M.D. 

Blufpton, Ikd. 

T he purpose of this paper is to report another cause for abnormal S-T and 
T changes other than myocardial infarction. Geiger^^ reported such a case 
in a recent issue of The American Heart Journal, I wish to add this ease to 
the literatni’e, 

case report 

0. C., a 62'year-old farmer, registered in the Clinic on Nov. 3, 1942, His chief com- 
plaint ivas “heart attacks,” These consisted of an exceedingly rapid heart rate associated 
with, nausea and vomiting. His heart attacks began five years previously. At that time he 
would go for many months without having an attack, but later they were more frequent. Some 
of the attacks lasted only a minute, but some continued as long as eight hours. The onset 
and cessation of the attacks were instantaneous. Prex'ious to his last attack, ho would be able 
to resume his duties as soon as his heart returned to a normal rate. His last attack occurred 
six days prior to registration. With most of these seizures he would have a choking sensa- 
tion and pain in the neck. With the most severe attacks he would suffer nausea and vomiting. 
The last attack also was associated with severe epigastric pain. This had disabled him so 
that he felt weak, lightheaded, and staggory. It was the patient's thought that certain 
foods, such as apples and other fruits, might bring on an attack. He had to take a laxative 
twice a week. His systemic history was otherwise negative except for rheumatism that had 
existed for twenty-five years. His family histarj'' was negative except that his father died 
at 80 Tilth gangrene of the foot. His marital liistory ivas negative. 

Physical examination revealed a man 06 indies tall and 121% pounds in weight. The 
Hood pressure was 145/88 in both arms; the pulse was 58; and the temperature was 97.6® i\ 
His teeth were deserving of x-ray study. The nasal mucosa was of the chronic catarrhal 
type. Tho tonsils were normal. The heart and lungs were normal physically. There was 
tenderness over the spine, left costovertebral area, and right costal margin. 

Because paroxysmal auricular tachycardia and rheumatism may be associated with foci 
of infection, numerous laboratory studies were done. Complete blood counts, blood Mazzini, 
and blood sugar were normal. Tho blood uric acid was 4.1 milligrams. The urinalysis, gastric 
analysis, and basal metabolic rate were normal. Although his prostatic secretion revealed 
no pus cells, the dextrose brain broth cultnre produced a streptococcus. The stool culture was 
negathe. The electrocardiogram was normal (Fig. 1), The chest film revealed a normal 
cardiac silhouette and normal lung fields. Intravenous pyelograms were normal but marked 
arthritic changes could be seen in both hip joints and lumbar spine. Cystoscopic examination 
iras negative e.xcept for slight prostatic enlargement and a small stricture in the membranous 
urethra. A gastrointestinal series and barium enema were normal except for hypertonieitv. 
Cholecystograms were normal. Dental rays revealed periapical infection on number 23 and 
pyorrlietij Grade 4, on the lower anterior teeth, 

^'^Snosis was paroxysmal auricular tachycardia in an otherwise normal heart. He 
also had an abscessed tooth and pyorrhea with osteoarthritis. 

The patient wasn't seen again iintil the mornine of Nov 25 
to admission ho suffered another attack of tachycardia. This was associatod with 

h:r^trat?:S.srr5:,cr^S^ 

WdO. There wen talcs in both tog bak. ' 


HfCtivtxi Cor palilicalioa 
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Fig. 1. — Electrocardiogram taken when patient was first seen on Nov. 11, 1942. 


I 


lA^UAi/UJLi 


1 - I- ! ! t } ' ' ' \ i ' > 


t I 


I ' 'I 


Fig. 2A . — ^ElectrocardioETam taken -when patient returned on Nov. 25, 1942, sixty hours 
after onset of an attack of paroxysmal auricular tachycardia. Note S-T depression and effects 
on T vraves. 
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The dectrocardiogxam Bhowca a rate of 220 ’ivitk S-T depressioa and corresponding T 
tl.anecs in all leads (Fig. 2.4). Neither ocular pressure nor carotid sinus pressure helped. 
.\.rS;30 r.M. the radial pulse and blood pressure were not obtainable. The apex beat was 
220 per minute. Howeve.-, his color nas improved due to the inhalation of 100, per cent oxygen 
br mash. One hour later since there nas no change for the better, 5 c.c. Digiglusin were given 
intrav^mcm^ly. By 1:39 A.M., Nov. 20, 1942 (four hours later), the radial pulse rvas regular 
at 1^8 beats per minute. By 8:30 a.ji., the pulse was 74, the blood pressure was 115/85, and 
the color wis pink. On Nov. 28, 1942, the electrocardiogram showed a rate of 70 with a 
noniial sinus rhythm. T, tended to be diphasic but T. , were inverted and CE, was diphasic. 
tlv’C Fig. 2 to note progressive improvement and return to normal within two months’ time.) 




1‘iK. to.— On IXc. 10. 1042, Tj.tdj were Invcrtccl but CB« was tipright. 

I!'.‘ ^vas thought he had a coronary 
!!'™ rr f continued rest aminophylliue, a ncrA'c sedative, and 

.» .. .... I. was lt'r.sd that tins would prereat another attack. 

i.* bS" 'wt no stunptoms from 

® ^ood pressure «as 170/100, but his clectro- 

<.,.r . . u ti rv'.urr'-r! to noreml (Kg. 2F1. 

cicely until two 

vr... ... ‘‘ '■K’-i-a. Upe of heart attack u-as encountered. The patient 

. scry pak. and cjn»notm. Ho was listless but had an apprchcmsivo 
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look. The pulse rate \\'as 200, and the blood pre-eisure 75/00. The electrocardiogram (Fig. oA) 
shonred an A-X rate of 200. Notching is present in all QES complexes. There is depres- 
sion of the S-T segment with diphasic T w.aves in all leads. 

Fire cubic centimeters of digiglusion were given immediately and oxygen was started. 
Twelve hours later the pulse was still 200, so 3 c.c. more of digiglusin were given intravenously. 
It was two days later before the pulse returned to a normal level. A total of 10 c.c. of 
digiglusin were required this time to produce a normal sinus rhythm. (See Fig. 3B for the 
electrocardiograpliic changes.) Tliis attack was quite shocking to the patient, and it seemed 
to take several days for him to regain his strength. IVithin ten days he was feeling quite 
well, and we permitted him to leave the hospital in two weeks. 

We now felt that these T changes were functional in origin as a result of the paro.xysmal 
auricular tachycardia. 



Pis. 2E . — On Dec. 18, 1942, the T waves w'ere inverted in all of the standard leads but CRi 
was still upright, Ti is inverted in this tracing is unexplained. 

DISCUSSION 

As Cveiger^ pointed out, it is very important to differentiate this type of T 
change due to functional disorder from that due to a coronary occlusion. 

The most common age for paroxysmal auricular tachycardia to occur is 
between 20 and 30 years, but in this case the patient was 62 years, an age at 
which coronaiy occlusion conmionly occurs. All clinical and laboratory evidence 
' favored a normal heart except those electrocardiograpliic changes immediately 
following the attacks. It is of importance to note that the patient was first 
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seen six days after an attaek and had a normal eleetroeardiogram, hut the, next 
two attacks produced T changes. A recent comminiieation (Peb. 8, 1944) with 
the patient was encouraging. He had had only three light attacks and had 
gained in weight and strength. 

There are a few changes in these tracings differing from the usual patterns 
of coronary occlusion: The S-T changes are depression in all leads with T-wave 
inversion during the stage of tachycardia. Also there are ho Q waves. No 
more than 5 c.c. of digiglusion were required to stop the first attack. No more 



Pig. 3A.— Electrocardiogram taken on Feb. 11, 1943, three days after onset of attack. 
The rate was 200 per minute. J^ote notching of QKS complexes, depression of S-T segments 
in' all leads, and T-wave changes. ' 


digitalis was given. Consequently, it was not a digitalis effect that maintained 
the T changes after cessation of the tachycardia. Seeing this tiTpe of patient for 
the first time shortty after an attaek and obtaining this type of tracing certainly 
puts one on the alert. 

We agree with ‘ Geiger that the probable cause of these changes is a 
temporary ischemia to an area of myocardium which heals by resolution rather 
than scarification. This patient suffered ischemic pain as suggested by distress 
in the epiga.strium.and radiation into the neck. 
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SmiMARY 

A case is presented of parox>"smal auricular tachycardia producing electro- 
cardiograms simulating posterior myocardial infarction after cessation of the 
tachycardia. It was shown that there were no constant structural or medicind 
factors affecting the electrocardiograms. The return to normal was too rapid 
for a real occlusion. However, it is felt that the basis for the patient’s pain and 
T changes was due to a temporary ischemia. This is another condition that can 
cause T-wave changes; it must be borne in mind because of the difference in 



A eaix-ful and detailed history of the attack or attacks, progress 

f between this patterm and the usual coronary' 

ni> x.iW enable one to make a correct diagnosis and prognosis. 


t. .Vnhtsr .T.: 
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HEART TUMOR: REPORT OF A CASE 
j\Ia.jor Robert A. Steveic, 

T his case is rei)orted because of several unusual features which made an 
accurate ante-mortem diagnosis difficult. 

The patient was a 2o-yeai-old soldier Avitli no previous pertinent illness except for a 
questionable pneumonia in 1942. There was no history of rheumatic infection. His parents 
were living, and his father, aged 50 years, had heart disease. Two siblings were living and 
well. 

The soldier first became ill on April 15, 1943, with anorexia, night sweats, cough, palpita- 
tion, shortness of breath, and lo.ss of weight. Between then and May 1 he lost 12 pounds. 
He also had nonradiating retrosternal pain, described as an ache or a weight or pressure, 
associated with his shortness of breath. On May 1 he was admitted to an Evacuation Hospital 
and after five doj-’s developed a high fever*, a rapid thready pulse, cyanosis, orthopnea, and 
peripheral edema. On Ma}* 5 he was transferred to Torney General Hospital where he was 
admitted to the Contagious Disease Section. The transfer diagnosis was lobar pneumonia 
involving the right lower lobe. He received 18 Gm. of sulfatliiazole at the hospital. The white 
blood cell cormt on ilay 2 was 4,700 with 73 per cent polys, and on May 5 it was 4,550 
with 80 per cent polys. Bed counts on the same dates were 3.96 and 4.5 million. 

On entry the nurse noted a pulse of 128, respirations of 28, and temperature of 102.2° 
F. Examination by the Chief of the Contagious Disease Section showed the following posi- 
tive findings: scattered shin lesions on all extremities, some macular, others ulcerative, and 
some healed with thin scars (the dermatologist made a diagnosis of erythema multiforme) ; 
orthopnea and marked cyanosis of the face, neck, upper chest, and nail beds; injected throat 
and some post nasal drip; no adenopathy; normal thyroid; lagging of the right chest and 
dullness, diminished breath sounds, many fine rfiles at the right base, and a pleural rub in the 
axilla; pulse weal: and thready with a rate of 144 per minute; gallop rhythm at the apex; no 
nrurmurs; heart sormds of fair quality; blood pressure 100/82; tender liver 5 fingerbreadths 
below the right costal margin; edge of the spleen palpable; 1 plus edema of legs but no sacral 
edema; neurological examination negative; no ascites. 

Later in 'the day, I was asked to examine the soldier in view of his cardiac findings. 
There was orthopnea and some cyanosis of the fingers, toes, and face even when he was in 
the oxygen tent, although much less than when he was out of the tent. He was complaining 
of pain across the front of the chest and pain with deep breathing. The point of maximum 
intensity was just outside the mid-clavicular line in the left fifth intercostal space. There 
were no tlirills or friction rub. There was a gallop rhythm at the apex. The sounds were 
faint at the apex, but much louder over the base. There was a rough, swishing, systolic 
murmur medial to the apex. The pulse rate was 144. The chest signs were as given previously. 
There was gross enlargement of both lobes of the liver and 1 plus edema of the feet and 
anlvles. The preliminary impression was acute myocardial failure precipitated by pneumonia 
of undetermined etiologj^. The treatment instituted was rapid intravenous digitalization, 
salyrgan with theophyllin, whisky, and caffeine when necessary. He was al.^o given sulfadiazine 
for several days because of the signs of pneumonia. 

Blood: Bed blood cell count, 3,610,000; hemoglobin, 85 per cent; white blood cell 
count, 5,250; neutrophiles, 70 per cent; Ijonphocytes, 29 per cent; eosinophiles, 1 per cent; 
morphology, normal. Sulfathiazole blood level was C mg. per cent. Urine: specific gravity, 
1.032; albumin, negative; sugar, negative; Microscopic examination, normal except that 
crystals resembling sulfathiazole were present. Blood Kahn reaction was negative. Sputum 
was negative. A portable x-ray of the chest showed areas in the right upper and right base 
suggestive of consolidation, and considerable enlargement of the heart was suggested. His 
cardiographic tracing is seen in Fig. 1. Several red blood cell counts during the course 
of his illness showed a mild reduction, while otliers were within normal limits, but all the 
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liemoglobin determinations were normal. Several sputa were negative for acid-fast organisms. 
Altogether six cardiograms were obtained, and all were essentially alike. Many urinalyses 
were done, and all were essentially negative except for albuminuria which varied from none 
to 1 plus. 

Frogress Notes— Mag 6: Temperature, 98” P.; pulse, 116; peripheral edema nearly 
gone; liver, 3 fmgerbreadths bdow the costal margin. No cyanosis was present while the 
patient was in the oxj’gen tent, and breathing was easier. Output during the night was 900 
C.C., and sweating had been profuse. Eleven cat units of digitalis were administered 
intravenously in eighteen hours; also, 2 c.c. of salyrgan were administered intravenously. Pj 
was accentuated. Gallop rhj-thm was gone. Some rales were present at both bases. The 
patient seemed greatly improved and very cheerful. His electrocardiogram indicated that 
posterior infarction was at that time a possibility. 

May 7: All edema gone; pulse, still 112; liver, still smaller. Systolic apical murmur 
was at that time very faint and soft and blowing, due possibly to improvement in the cardiac 
dilatation. Sulfadiazine level was 19.G mg. per cent. 



Kig-. 1. — ElcclrocardloEram taken May 11 , 1I)43. 


May S: Blood pressure, 92/5S; pulse, 116; afebrile. Intake (twenty-four hours), 780 
c.^.; output, JIO cubic centimeters. Cough gone. No edema. 

May 0:^ Blood pro.«sure, SO/00; pulse, 124 (parado.xical pulse); respirations, 16; tem- 

tbe patient became very d3’spnoic; his blood pressure 
C ^ ^ SQunils were faint. Tamponade of the heart was considered, and a 

H--i«ar!5tal tap ans done. Ten cubic centimeters of clear yellow fluid were obtained which, 
developments, was probably pleural transudate. Late in the day his 
was 144; and Ms blood pressure was 102/70. The white 

'«P5rations, 28; blood pressure, 112/88; sounds, distant; gallop 
^ fingerbreadths. The patient appeared 

at P'^|^» ^-^5 respirations, 28; blood pressure, 108/88; liver 

Sulfadiazine was stepped. 

tci*A I'uw” 4 Tyn*»i 1 P^“s cdem.a was present; riiles were heard 

5'-rYf!c<4y widened. 


.STEVEN: HEART TUMOR, ' , 413 

. May 14: Six hundred cubic centimeters of serosangnineous fluid "were removed from 
' the left side of the chest. Nonprotein- nitrogen was 72 mg. per cent.' Salyrgan administration 
was stopped. Sulfadiazine level was 13 mg. per cent. Sedimentation rate was 20 mg. per 
cent. Smears and aerobic and anaerobic cultures of the pericardial . (pleural) fluid were 
•negative. , \ ■ 

May 15: Wliite blood cell count was 12,300 with 84 per cent polys. Three phis edema 
of the lower legs and sacrum was present. ^ 

May 17: Some coffee-ground emesis and abdominal distention were present. The blood 
pressure was 92/66, and the pulse was 120. The patient was getting steadily worse. White 
blood cell count was 8,700 with 86 per cent polys. 

May 19 : The patient continued to have coffee-ground emesis. During the preceding two 
days he had been given glucose intravenously. Nonprotein nitrogen was 103; creatinine was 
2.2. He was given 250 c.c. of whole blood. The white blood cell count was 10,400 with 97 
per cent polys. 

May 20: Temperature, 99.4® D.; pulse, 116; blood pressure, 90/60; paradoxical pulse; 
^llop rhythm ; a variable high-pitched diastolic murmur in the fourth intercostal space, and a 
to and fro soft systolic blow at the apex; Cheynes-Stokes respirations; rales at both bases; 
tender, questionably pulsating liver nearly to navel; slight peripheral edema and signs of 
ascites; pupils small and fail to react to light; tongue crusted and dry; and teeth and gums 
coated. He passed a tarry black stool. The white blood cell count was 10,850 with 94 per 
cent polys. 

May 21: Shortly after intravenous administration of glucose the patient suddenly gave 
a gasp and died. A second blood culture, taken just before death, showed a growth of 
Streptococcus viridans four days later. 

Autopsy Findings . — ^Positive findings only from the autopsy report follow. 
'The -pathologic diagnoses were concurred in by the Surgeon General’s office. 

Several maculopustular skin lesions, covered by tlxick crusts, varying from 1 to 3 cm. 
in diameter, were present on the chest and extremities. The liver was 3 fingerbreadths below 
the costal margin. About 100 c.c. of clear yellow fluid were present in the peritoneal cavity. 
On the serosa of the jejunum and ileum in the lymphoid tissue, opposite the attachment 'of 
the mesentery, were about eight wliitish, sharply demarcated plaques, varying from 0.6 to 2 
, cm. in diameter, surrounded by indistinct hemorrhagic zones and induration. The vessels 
leading to these areas were prominent. The mucous membrane opposite each of these plaques 
was the site of an ulcer. All these ulcers were transverse, their edges were elevated and 
indurated, and in' places, were covered with reddish black material. Sections through these 
\ilcers showed massive infiltration by cells similar to those described in the heart below. Each 
pleural cavity contained 1 liter of clear yellow fluid. The heart was enlarged and prominently 
occupied the anterior mediastinum. The pericardial sac contained about 5 c.c. of clear yellow 
fluid. There were fibrinous adhesions between the pericardium and epicardium. The heart 
weighed 460 grams. The epicardium was rough and covered by a layer of shaggj- fibrin. In 
several places, especially over the posterior surface of the left ventricle, the epicardium was 
whitish and greatly thickened. The right auricle was of normal size, and its endocardium 
was smooth. The foramen ovale appeared functionally closed but showed a slitlike opening 
which admitted a large probe. The right auricular appendage was empty. The coronary 
sinus appeared normal*. The tricuspid valve and its chordae tendineae and papillary muscles 
were normal. The right ventricle was slightly dilated; its endocardium was smooth; and 
its muscle was quite pale vdth a yellowish-white tint in places. Cross sections show the 
myocardium to be replaced in several places by a soft homogeneous tissue which obscured 
the, normal fibrillar structure of the myocardium. The pulmonarj’ valves were normal. The . 
pulmonary aorta contained a clot of blood. The left auricle was large; its endocardium 
was smooth; and its wall was thin. The left auricular appendage was empty. The mitral 
valve was normal in all respects. The left ventricle was greatly dilated. Its endocardium 
was smooth and sliowed many irregularly shaped, sometimes confluent, areas of yellowish- 
white discoloration. No thrombi were present. Cross section showed a yello'wish-white tissue 
replacing much of the myocardial wall, and in such areas the fibrillar structure of the myo- 
cardium had entirely disappeared. These areas varied in size from small flecks to areas 
, measuring 4 and 5 centimeters. This occurred in all' parts of the heart including the inter- 
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veiitricfilur «cptrin). TJie fiortic valve vT! 5 normal in all respects. Except for occasional yellon"- 
isli-wliite plaques on tlie intinia of the larger branches, the coronarj' system was normal. The 
wall of the aorta was (jnife thin, and the lumen was comparatively small, especially tlic 
abdominal portion. Thcro was an area of bluish-red discoloration on the posterior aspect 
of the left lower lobe and another on the medial margin of the left upper lobe, each measuring 
abo'.it 4 cm. in diameter. Cross section of the area in the lower lobe showed a wedge-shaped, 
bl.';d:i?h-red portion under tlio pleura. Ko thrombus or embolus was seen in the vessels below 
this area- The area in tlie upper lobe appeared as a typical hemorrhagic infarct. In the 
right lung several arca.s of bluish-red discoloration were seen under tiic pleura which on section 
jeomod to Iw hemorrhagic infarcts. The spleen weighed 115 grams. The liver weighed 480 
grains and it.« consi.=tcncy was firm. Tiie gall bladder, pitncrcas, and adrenals were normal. 
Tlio left kidney, ureter, renal artery, and seminal vesicle were absent. The right kidney 
weighed 180 gram.s and was grossly normal. The bladder contained no left ureteral orifice. 
The right seminal vesicle and the prostate were normal. The testes were normal. 


:5tICROSCOPIC 


Left Ventricle. — The serosal cells of tho epicardium were mostly missing and replaced 
by Ibifk .«trands of hyaline fibrin which was being organized. In a few places several layers 
of somewhat irregularly arranged serosal cells were present. The epicardium was greatly 
thickened due to the presence of edema, fibrin, granulation tissue, and infiltrations of lympho- 
cjtes, plasma cells, and monocytes. The subepicardial fat tissue was, in several places, densely 
iiifiltnited by tumor cells which were round or polyhedral in shape showing rather large, round 
or oval, eliromatin-rich nuclei with indefinite nucleoli. The cells were fairly uniform but 
the nuclei varied somewhat in size, shape, and staining characteristics. Many mitotic figures 
were seen, some of which were quite irregular. The tumor cells had invaded the septa of tlio 
fat tis.suc and had replaced many of the fat globules. In one place tumor cells were seen 
to invade the epicardium and there was extensive invasion of the myocardium. Tumor cells 
wore present, especially in the larger septa, but also about the individual myocardial fibers 
imitsing vacuolar degeneration, atrophy, and necrosis of many of tho fibers. A papillary 
niU'cle seen in the sw-tion also showed massive invasion by tumor cells and a thick layer 
of tumor was present beneath tlio endocardium. The remaining portion of tho myocardium 
showed moderately hypertropiiicd fiber.s with distinct striations. Most of the nuclei were 
ve<lcular, and there, was a moderate amount of lipochrome pigment about tho poles of the 
nuclei. A portion of the mitral valve showed edema but was otherwise normal. One lymphatic 
versel seen in tho subepicardial fat tissue contained tumor cells. 


I entriclf , — Most of the myocardium was extensively infiltrated by tumor cells 
growing in a fashion similar to that dc.«cribed above. In a few areas tlie myocardium \yas 
entirely replaced by tnnior. There was extensive necrosis of parts of the myocardium and of 
the tnni'.ir ti.s.sne. Tlio liimina of .several vessels of the myocardial septa were solidly filled 
with tumor celb; tho.-c vessels appeared to be Ij-mplmtic. The epicardium showed changes 
fcrnihir to tho.'O above. Apiiii, as previously, muscle tissue of a papillary muscle showed 
linrision by tumor. 


liurn ''fiiricnl/ir Septum . — Tlicre was massive invasion of a portion of the septum bj- 
fue.or, am] in siicli j, laces the heart muscle fibers show changes similar to those above. The 
sspturr. vm-s inarkodiy thickened by edema. In places the endocardium was infiltrated by 
tumor. No I’urkinje fibers were recognized. 


Mith a Foot-Bie!s:hov,sky .stain the argentophil fibers were well preserved except foi 
of liocro'.iu where some of the fibers were broken up. There was no increase 
i,. i.m oK.x in tlie areas infiltrated by tumor. IVith the oxidase stain no oxidase 

gfannkM were dca.cn^tnited in the tumor colls. Tho outer layer of tho adventitia of the 
5..^. w.i'* . jK .c..! d and cn-.ered with ma.sses of bulky hyaline fibrin which was being or- 
ganirr... itenmith this there was granulation tissue. 


for iicmorrJfagif infarct.^, 
to she iKf.nn-t?, the Itmg-' were clear. 


i‘'lema, emphysema, 


and fibrinous 


pleurisy secondary 


{.“eaUtil pathologic diagno.soa were: 
s, Maljtp!.' lymph r.-rtrcom.-v of the 


jejunum and ileum with mctastascs to tho akin 


: .... '■ 5'''‘’’';'‘‘'\*‘- i'*!-trc.p'ay, subacute fibrinous pericardili.s, and plouri.sy, hvdrothora.x, passiv 
-..f'-remia of ur.d bver, s.-v-omlnry to 1. 

... f gcm .-.f r>pm-!a of kfi kidne-y, ureter, and scmina! vc.‘-icle. 
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, , “COMMENT ' ‘ 

When the patient Avas first seen- the outstanding clinical, features were 
fever, leucopenia, physical and, x-ray signs of pneumonitis, and ohvious conges- 
■ tive heart failure, all of which Avere interpreted as Aurus pneumonia Avith 
secondaiy cardiac failure. Possibly the sulfonamide aa'os the cause of the 
loAA' AAdiite blood cell count. When the first electrocardiogram AAms seen, a 
posterior infarction aa-^rs suggested by the elevated S-T segments in Leads II. and ■ 
III. Serial tracings failed to shoAv the usual progression of changes seen in ' . 
infarction. Clinical features then suggested cardiac tamponade, AAiiicli was not 
A^erified by tAvo taps. Tiimor Avas not suspected. The primary lesions in the 
; liOAvel gave rise to no symptoms except possibly the coffee-ground A'omitus and 

Y ’ '' ' ..K* • ' 

tariy stool terminal^, so that, from a diagnostic standpoint, the tumor Avas as 
difficult to discover as a primary cardiac neoplasm is. 

No review of the literature Avill be given as there have been several in 
recent years, including one by Lisa and his co-Avorkers.^ Incidentally, their Case . 

1, a female,' aged 17 years, also suffering from a metastatic lymphosarcoma, ; ■ 

ran a course veiy similar to that of our ease, although the electrocardiograms 
in the tAVO cases were very different. 

Intractable cardiac failure Avith no clear-cut etiology, mentioned by 
. numerous Avriters as common in cardiac neoplasms, is again illustrated by this 
ease. It Avas impossible, hoAvever, to definitely rule out rheumatic heart disease 
AAuth mitral insufficiency. 
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ACUTE RHEUMATIC HEART DISEASE IN THE AGED, WITH REPORT 
OP A CASE WITH STOKES- ADAMS SYNDROME TREATED 

WITH PAREDRINE 

. James A. Greene, M.D.,’-' Hou.ston, Texas, and 

A. W. Bennett, M.D., Ioaaua City, Ioaaa- 

A CUTE rheumatic heart disease is fairly common among young persons, 
but it is rare in the aged. The initial attack of rheumatic heart disease 
occurs betAveen-S and 11 3 - ears of age, according to the data of Leonard.^ On the 
other hand, actwe rheumatic heart disease is rare after 50 3 "ears of age. Roth- 
schild, Kugel, and Gross- foimd only tAAm cases in the sixth decade of life and 
one in the seventh decade, and Rakov and TaAdor® reported another case in the 
seventh decade. The purpose of this report is to record a case of an initial attack 
, of rheumatic heart disease Avhich dcAmloped at 64 years of age, Avas characterized 
1 ) 3 ^ a Stokes-Adams SAuidrome of unusual scA-erity, and AAms treated Avith 
paredrine, at tunes in large doses. 
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CASE BEPOUT 

\ insn, 64 yciirs^ liud tilwsivs been well Jiinl hu^ ptirticiptitcd in vigorous 

pi.Tncd activity. His principal hobby was mountain climbing, and he took long hikes daily. 
On Xov, 12, 1942, he noted headache, generalized aching, and painful muscles and joints, 
panicularly of the lumbar region and wrists. Three days later he consulted one of ns 
which lime his temperatnre was 102® F. The wrists were not red, hot, or 
sTrollca. Daring the next two weeks the fever and aching persisted, but the joint manifesta- 
tions raoTcd to tiie shoulders, Wps, knees, and ankles. The manifestations subsided during 
the tiurd week of the illness, and he was permitted to be out of bed for increasing period.s 
daily. During the evening of December 2, be walked into another room, became unconscious, 
.and fell. The attack occurred without warning, and subsided very soon after be had fallen. 
A few mitmtes later nothing abnormal could be ascertained by physical examination, except a 
eontusion of the scalp from the fall. At approximately 3 o’clock the following morning, he was 
awakened by a “pccuhir feeling,” and, during the next few minutes, was observed to have 
three con\uiDions of only a few seconds’ duration. Physical examination a few minutes 
later retealcvj nothing unusual. The pulse was regular and of normal rate and contour, and 
the blood pressure was 140/80. During the next three hours five more convulsions were ob- 
i-ervfdt thev were characterized by jerking of the arms and hands, slight opisthotonos, and 
hiljored P'-piration. They lasted approximately five seconds, and occurred without warning, 
vritheut !o--< of sphincter control, and without demonstrable residual manifestations. The 
ntfa'‘!ts IrtK^ntne more frequent, occurring every few minutes, and asystole was found to be 
pre-ent during the attack, A diagnosis of Stokes-Adams syndrome was made, and he was 
a-itnittM to Mercy Hospital, in Iowa City, Iowa. An electrocardiogram, Fig. 1, showed periods 
<(f complcic auriculoventricular block, with ventricular asystole. 



-Ot m; 1.’ 


nnU Jett bundle branch block are observed In 
ad I on the afternoon of the first daj- in the hospital. 


^ iht i., r.,.^;.oa^ adminhtnstion of » grains of thcophylUn cthylencdiamine, and tlie 
!«. administration of grain of ephedrine did not decre-ase the frequency 

to five-minute intervals, and lasted fifteen to 
paredrine, in doses of GO mg., was administered 
convulsions became less 
latcr they ceased. An elcctro- 
nanculovcntricular block, with delayed conduction in 

myocardial disease. 
^ changed to a two-to-one auriculo- 

..u 4,. During thi* I, me he received 1,320 mg. of paredrine, or approxi- 


■1 .0 1 .) p.r .mmcte and lMHx,me irregular, .in electrocardiogram confirmed the 
- ... ,ri -.f.r,., Paredrine was discontinued, but the fibrillation continued 




.ingT.<y»> ft* s-urirtshr fibriUction 
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until noon of the following day, at wliich time the pulse rate decreased to 90 beats per minute 
and became regular. An electrocardiogram showed normal mechanism. Paredrine therapy was 
resumed, and 240 mg, were administered during that afternoon and evening. Auricular 
fibrillation recurred and disappeared six hours after paredrine was discontinued. The follow'- 
ing day paredrine was resumed in doses of 60 mg. three times daily. 

During the second day in the hospital the temperature began to rise, and it reached x 
102° F. the next day. The respirations increased to 40 per minute, the right shoulder be- 
came painful and tender, and the' patient became irrational. "Within ten hours after the 
institution of salycylate therapy, the temperature and respirations had returned to normal, 
but during the next five days the temperature rose to 99.6° P. in the afternoon, and the ankles 
became very tender. During the next eight days he became rational and the joints gradually 
improved. 

The cardiac manifestations had apparently^ become stabilized, with normal mechanism, 
but the sv'stolic arterial pressure had risen to 170 mm, Hg. The dose of paredrine w'as 
reduced to 40 mg. three times daily, and two da3-a later to 20 mg. four times daily. At 
approximately noon on this day, the thirteenth da}- in the hospital, convulsions recurred and 
continued at two- to three-hour intervals for the next three days. An electrocardiogram 
.showed frequent periods of ventricular asystole, interrupted by numerous ventricular extra- 
systoles. Convulsions, very probably, would have been more frequent if it had not been for 
these ventricular extrasystoles. The temperature rose to 102° F., and paredrine was resumed 
in doses of 100 mg. five times dail}-. Convulsions ceased two days later, and the following 
day tlie temperature returned to normal. Nothing of significance occurred for 'twenty-two 
days, during which time paredrine was continued in the doses mentioned. An electrocardio- 
gram obtained during this time showed delayed conduction in the right branch of the bundle. 



Pig. 3. — The abnormally high T w-ave in L-ead IVP on the morning of the second day in the 

hospital. 



Fig-. 4 . — The two-to-one aiirlculoventricular block in Lead I on the morning of the third day 

in the hospital. 


Convulsions and fever returned at approximately 7 a.m. on the thirty-eighth day in the 
hospital, or twenty-three days. after the last recurrence. The convulsions occurred at approxi- 
materly hourly intervals and lasted ten to twenty seconds. During the first day of this recur- 
rence the paredrine was incfeased from the usual 500 mg. to 1,400 mg., and, in addition, 2 c.c. 
of epinephrine in oil were administered intramuscularly. An electrocardiogram revealed 
periods of ventricular asystole, interrupted by' frequent ventricular extrasystoles. The next 
morning the cardiac condition was unchanged, and the convulsions continued. In spite of this, 
all medication was discontinued in the hope that complete auriculoventricular block would 
develop and the periods of asystole and convulsions would cease. The convulsions decreased 
and ceased at approximately 4 P.M. that day, but the pulse continued irregular, with short 
periods of ventricular asystoles for the next five days. The temperature remained elevated to 
100° F. for the next four daj-s, and then gradually returned to normal. 

During the second day of this recurrence the ankles, knees, and wrists became red, hot, 
swollen, and extremely tender. The manifestations gradually subsided except that the electro- 








.JUUKiSAl- 


cardiogram continued to sliow delayed conduction in the right branch of the bundle. He 'v\as 
discharged from the hospital on the sbcty-seventli day, and remained in bed at home for three 
and one-half months, at wHch time an electrocardiogram. Fig. 5, showed the Wilson S-tj-pe 
of right bundle branch block and a grosslj- 'abnormal Lead H'F. He gradually increased hi.® 
activity for one year without evidence of recurrence. 

The leucocyte count was 17,000 upon admission to the hospital, declined to 10,700 at the 
time of discharge, and has remained from 7,000 to 8,000 since. The erj-throcyte count, hemo- 
globin, and urine were normal throughout his illness, and the blood Was«ermann reaction was 
negative. 





FIs:. !>. — The Wilson S-type of riRlit bundle branch blocic and grossly abnormal cur\-e 
in Lrad IVF are .seen in the elrctrocardiograni taken three and one-half months after the 
last recurrence. 


comme>:t 

Lesions in the auriculovenli'icular node have not been prominent in the 
reported cases of rheumatic heart disease in the aged. Delayed conduction, on 
the other hand, is fairly common in younger persons. The Stoke.s- Adams .syn- 
drome is extremely rare in riieumatic heart disease at any age. It is difYicult 
to ascertain in our case whether or not the auricular fibrillation and ventricular 
e.Ktrasy. stoics were due to the rheumatic heart di.sease or to the paredrine. 

Nnthan.son, Engelberg, and Ilersh^ reported encouraging results with the 
use of paredrine in the treatment of heart block. Of their six cases, partial 
hloclv wa.s eliminated in one of two cases, the ventricular rate was increased in 
the other, and the block was changed from complete to partial in two of four 
cases. They administei-ed 60 mg. of paredrine three times daily, and empha- 
sized that the pressor effect was less than with other preparations of this series 
of dings. The oinl administration of 80 mg. of parcdiine increased the systolic 
pre.ssure an average of 69 mm. Hg, and the duration of the effect was two hours. 
The.v pointed out that the stimulating effect upon the conduction of the heart 
was relatively greater %vith this preparation, hut they employed .small doses as 
compared to those employed in onr ease. They stated that the drug is destroyed 
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in tlie gastroenteric tract in some eases, and that^the dmg is unsuitable in sncb 
instances. 

It is difficult to evaluate the effect of paredrine in our case. The apparent 
improvement following the initial administration of the drug was due to tbe 
development of complete heart block, and not to the elimination of the block. 
Was the auricular fibrillation which developed after three days of over 500 
mg. of paredrine daily due to the paredrine or to the rheumatic heart disease? 
The fact that the arrhythmia disappeared the day after discontinuing paredrine 
and recurred after the medication was resumed, and then disappeared again 
after the therapy was stopped for the second time, suggests that the drug was - 
the exciting cause. On the other hand, doses of over 500 mg. of paredrine 
were resumed eight days later and continued for twenty-six days without pro- 
ducing auricular fibrillation. It appears, therefore, that the rheumatic fever 
was the principal factor in the production of the auricular fibrillation. We must 
consider, however, that it is possible that the drug was effective at first and 
later it became destroyed in the gastroenteric tract and was ineffective. 

✓ 

It appeal's doubtful that the drug was a factor in the production of the 
ventricular extrasystoles. During the second recurrence, the thirteenth day in 
the hospital, the dose had been reduced to only 80 mg. daily, and ventricular 
extrasystoles were prominent. In addition, A^entricular extrasj^stoles continued 
during the last recurrence for five days after the drug had been discontinued. 
The fact that these disturbances in conduction occurred each time during 
reactivation of the rheumatic fever is additional e\ddenee that the disease and 
not the drug was the principal factor in their production. 

The largest dose of paredrine we have been able to find in the literature is 
400 mg. daily, which was administered by Korns and Randall.® In their case 
this dose controlled the hypotension without the neiwous stimulation which was 
experienced with benzedrine. They did not obseiwe any unusual effect upon the 
conduction in the heart. Because of the pressor effect of paredrine, we were 
hesitant to use such large doses, but the increase in arterial pressiu’e observed 
at the initial administration of the drug, i.e., from 140 to 170 mm. Hg, was the 
greatest increase which we obsem^ed. 

SUMMARY 

A case is reported in wliich the initial attack of rheumatic heart disease oc- 
'curred at 64 years of age, and was characterized by complete heart block and a 
Stokes- Adams syndrome of unusual severity and duration ; the latter was treated 
■with unusually large doses of paredrine. 
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Abstracts and Reviews 


Selected Abstracts 


Shore, B., Holt, J. P., and Knoefel, P. K.: Determination of Cardiac Output in the Dog 
hy the Pick Procedure. Am. J. Physiol. 143: 709, 1945. 

The oxygen content of blood frequently differs when dra^vIl simultaneously from the two 
venae cavae, from two paints in the right auricle, or from the right auricle and nght ven-'' 
triclo in dogs in barbital anesthesia. Estimation of cardiac outpuf in the barbitalized dog 
by the Fick procedure with blood taken from the'right auricle may be in considerable error 
as a result of obtaining a nonrepresentative sample of mixed venous blood. 

There is a progressive decrease in cardiac output during the first four hours of barbital 
anesthesia in dogs. 

Authors. 

Peiming, C,, and Mott, C. E,: The Effect of Modulated High Frequency Condenser Field 
on the Straub-Fuehner Prog Heart Preparation. Am. J. Physiol. 144: 1, 1945. 

Characteristic cardiac and ventricular standstill of the Straub-Fuehner frog heart 
can be produced using modulated, high-frequency current applied in the manner shown by 
the authors. 

■ The results so obtained show' a selective action of the current, the specific nature of 
which is not understood. It is believed that the selective action takes place on the nerve 
terminals, the pacemaker, and the associated conductive system. Selective heating may ac- 
count for the results, since it is known that a liigh frequency electrostatic field will preferen- 
tially heat oils faster than salines. In addition, there is some evidence of chemical factors 
produced or activated during exposure. 

Authors. 

Duomarco, J., Eimini, E,, and Eecrate, P.: Intraahdominal Pressiure and the Pressure in 
the Inferior Vena Cava. Ecv. argent, de cardiol. 11: 273, 1945. 

In dogs, optical records were obtained simultaneously of the pressure in the abdominal 
cavity and the pressure of the inferior vena cava, at various lnvel«, and of the right auricle. 

The forms and absolute values of both curves are identical when the venous pressure i.s 
taken just below the diaphragm; at more distant levels there is a small difference due to the 
vis a tergo. 

Over the diaphragm the venous pressure declines suddenly, and cardiac waves appear 
in the record which is then practically identical rvith the record of intrathoracic pressure ob- 
tained after a partial pneumothorax. 

The pressure variations of the abdominal and thoracic cavities are reciprocally blocked 
at the level at which the inferior vena cava crosses the diaphragm; this block disappears 
when the vein is abnormally distended. 

Authors. 

Brannon, E. S., Merrill, A. J., Warren, J. V., and Stead, E. A., Jr.: The Cardiac Output 
in Patients With Chronic Anemia as Measured by the Technique of Eight Atrial 
Catheterization. J. Clin. Investigation 24: 332, 1945. 

Twenty-four sets of data were obtained on eighteen anemic subjects. Atrial pressure 
readings and samples of mixed venous blood for determination of the cardiac output were 
obtained through a catheter introduced into the right atrium. The femoral arterial pressure 
was recorded optically by the method of Hamilton. 

No consistent change in the circulation was observed when the hemoglobin level was 
above 7 Gm. per 100 milliliters. Below that level, the cardiac output at rest was increased, 
the arteriovenous oxj-gen difference and the peripheral resistance wero decreased. The atrial 
pressure was not changed. 
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In. four patients, observations were made before and after the hemoglobin had been 
doubled by transfusion or by the administration of liver extract. In each patient, the pulse 
rate fell, the diastolic and mean arterial pressures and peripheral resistance rose, and the 
cardiac output decreased. 

When the hemoglobin level falls below 7 Gm. per 100 ml., the requirements of the 
body for blood are increased. This explains whj' anemic subjects may have circulatory in- 
‘ sufficiency manifested by either shock or heart failure, while the heart is pumping as much as, 
or more than, would be required by a normal .subject under similar conditions. 

Authors. 

Warren, J. V., Brannon, E. S., Stead, E. A., Jr., and Merrill, A. J.: The Effect of Venesec- 
tion and the Pooling of Blood in the Extremities on the Atrial Pressure and Cardiac 
Output in Normal Subjects With Observations on Acute Circulatory Collapse In 
Three Instances. J. Clin. Investigation 24: 337, 1945. 

The effect on the circulation of the removal of 300 to 900 ml. of blood by venesection 
and the effect of pooling of blood in the extremities by the venous tourniquets were studied 
in twelve normal men. The atrial pressure readings and the samples of mixed venous blood 
for measuring the cardiac output were obtained through a catheter introduced into the right 
atrium by way of the antecubital vein. The femoral arterial pressure was recorded optically. 

Venesection and the application of venous tourniquets caused a fall in atrial pres- 
sure. from 20 to G5 mm. of water. There was no consistent change in cardiac output, mean 
arterial pressure, or peripheral resistance. Eetuming the blood by transfusion or by re- 
leasing the venous tourniquets was followed by a return of the atrial pressure to the con- 
trol level without any change in the cardiac output. 

The data suggest that the normal atrial pressure with the subject in the recumbent 
position is somewhat in excess of that required to fill the ventricles and that a decrease in 
blood volume of the degree reported here produces a lowering of atrial pressure without in- 
terfering witli ventricular filling. These observations obviously do not apply to massive hem- 
orrhage. 

Acute circulatory collapse appeared in three instances. The subjects became pale, 
sweated profusely, and complained of nausea and weakness. The pulse rate slowed strikingly. 
The atrial pressure increased, the cardiac output remained unchanged. There was a marked 
fall in the arterial pressure and peripheral resistance. The circulatory collapse appeared to 
bo the lesult of a sudden decrease in peripheral resistance because of reflex vasodilatation, 
presumably in the arterioles. There was no evidence of q decreased venous return. - 

Authors. 

Vizcaino, M., Pallarfis, D. S,, and Cabrera, E.: Certain Considerations Concerning Electro- 
cardiogram Type S, S, S^. Arch. Inst. Cardiol. Mex. 14; 261, 1945. 

Tlio aufhors studied the electrocardiograms of twenty clinically normal persons, fouiteen 
persons with normal hearts and some other extracardiac process, and sixteen cardiac patients. 

They confirm tlie findings of Ashman and Hull in regard to the normality of Types S, 
Sj and S, and conclude that the majority of the tracings with low voltage are normal, even X, 
(hougli they fail to fulfill the requirements postulated by the aforementioned authors, pro- 
viding lliore is no other anomaly (other than low voltage). The examination should include 
ciirerul study oC the unipolar leads VE, VX>, and VT and the precordial leads. 

Authors. 

Hoff, H. B., and Nabiun, L. H.: The Electrocardiographic Localization of Myocardial 
Infarcts by Injury Currents and Ventricular Extrasystoles. Am. J. Physiol. 143; 
723, 1945. 

Myocardial damage, was produced in four regions of the dog heart by means of ap- 
piopiiate ligation of coronary arteries. These were (a) right and left ventricles exclusively, 
tind (b) anterior and posterior regions involving adjacent portions of the right and left 
ventricles. 

The changes in the S-T segment of the electrocardiogram in Leads I and III were the 
same as produced by potassium chloride injury in the same regions, namely, (a) depressed 
S-T segment with right ventricular damage, (b) elevated S-T segment with left ventricular 
damage, (c) elevation of S-T and depression of S-T^ with anterior damage, and (d) depres- 
sion of S-T, and elevation of S-T, with posterior damage. 
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The ventricular extrasystoles which appeared spontaneously alter coronary occlusion 
showed configurations which indicated that they originated within the damaged area. They 
showed S-T segment changes which were the same as in the supraventricular complexes. Their 
configuration in the electrocardiogram may therefore serve as a localizing sign in myocardial 
damage. 

, Authors. 

SahathiS, !». G., Gaspary, F. V., and Eojas, E. A.: Unstable Intraventricular Block. Eev. 

argent, de cardiol. 11: 297, 1945. 

Fourteen eases of nonpermancnt intraventricular block were studied clinically and 
electrocardiographically. The denomination of '‘rmstable” intraventricular block was adopted 
for these cases, classifying them as transitory or intermittent according to the circumstances. 

In the mechanism of production of these blocks the modification of the refractorj- 
periods in both branches of the His bundle are of fundamental importance; the role of the 
precipitating factors, such as increased heart rate and vagal action, is also pointed out. 

AUTIIOR.S. 

I 

Iieys, D. G.: Heart Block Following Diphtheria, Brit. Heart .1, 7: 57, 3945. 

The evidence that this case of complete heart block was due to diphtheria is: (1) the 
patient had severe diphtheria with neuritis at the age of 30 years; (2) subsequently a slow 
pulse was reported at the age of 22 years; and (3) she has complete absence of all tendon 
jerks without other evidence of nervous system disease. 

Author. 

Gdmez, B. H,, and Ydpez, C. G.: Permanent Auricular Fibrillation in Two Brothers With- 
out Evidence of Organic Heart Disease. Arch. Inst. Cardiol. Mox. 14: 251, 1945. 

The authors present two cases of auricular fibrillation in brothers without apparent 
cardiac injury and without other evident cause. In other similar observations published, 
there also are no explanations to justify the alteration of the cardiac rhythm. 

AUTHOR.S. 

Pruitt, E. D., Barnes, A. E., Essex, H. E.: Electrocardiographic Changes Associated With 

Lesions in the Deeper Layers- of the IMyocardiiun. Am. .T. M. Sc. 210: 100, 1945. 

Myocardial injuries were produced in dogs by mechanical means. Damage to the endo- 
cardium and deeper layers of the myocardium of the apical portion of the left ventricle was 
attended by certain changes in the configuration of the QRS complex in a precordial lead 
designated apical IVR. Most constant among these changes was a reduction in the height of 
the E wave. The development of a Q wave or a notch low on the upstroke of the E wave 
were alternative tj-pes of change. 

These changes in the QES complex might be derived from: (1) injury to, or destruc- 
tion of, the myocardial fibers adjacent to the endocardium; or (2) damage to Purkinjo’s 
network or the larger subdivisions of the left branch of the bundle of His. 

Although in each of the twenty-two experiments under analysis there was accomplished 
:in extensive destruction of those tissues in which portions of Purkinje 's system are sup- 
posed to lie, in twentj- experiments the width of the QES complex remained unchanged. Tlie 
speed at which the excitatory impulse was propagated apparently remained essentiaUy un- 
changed, even though its course, as indicated by the form of the QES complex, was altered. 
-Uso, a lesion high on the septum apparently not only is attended by a widening of the QES 
complex, but also it is the only lesion likely to produce this effect. 

Our results indicate that surface lesions exert a dominant influence on the level of the 
R.S-T segment. We have suggested that tliis circumstance maj- prevail not because the 
traumatized subendocardial fibens fail to produce currents of injury, but because the result- 
ing injim- potentials are masked by the normal action currents arising in the uninjured 
superficial fibers in respon.^e to tlie excitatory process. 

Clianges in the T wave following injuries to the deeper layers of the myocardium 
were inconstant. The most frequently recurring alternation was an inversion of the T wave 
in a lead designated npic.al IITl. 


Authors. 
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Cameron, D. E.: Transient Heart Block and Coronary Occlusion in Pleural Skock. Brit. 

Heart J. 7; 104, 1945. 

In the case here described, heart block existing during the acute phase may have been 
due partly to a vagal reflex j yet a more important factor, from the subsequent cardiogram, 
■would appear to have been a coronary occlusion. The possibility of acute coronary insuf- 
ficiency -without occlusion, as described by Master (1944), is not a likely one; his cardio- 
grams do not resemble those here described. It is hardly likely that a coincident coronary 
thrombosis took place. The close association •with the attempted pneumothorax induction, to- 
gether -with the age of the patient, make this extremely unlikely. A ■wound of the heart can 
be excluded; the needle was never deep enough to have produced tliis. A clot disturbed from 
a thrombotic process in the pulmonary circulation might produce an embolism (Saphir, 1933), 
and this remains a possibility. It seems more reasonable to assume that an air embolism 
occurred. 

As the typical changes indicative of coronary occlusion may take some little time to 
develop — up to a few hours (Wliite, 1931) — ^this right axis de-viation may have existed be- 
fore the accident, as in Durant ’s case. 

I 

An interesting point is the absence of pain. Pain is evidently not one of the main 
features of this form of pleural shock. It may be that this absence of pain is a clinical 
characteristic of coronary air embolism, in contradistinction to other types of occlusion. 

Heart block may occur more commonly in pleural shock than is thought, and Cocke 
remarks on bradycardia in two of Ids cases. 

It is suggested that, in the case here reported, coronary air embolism occurred producing 
transient heart block and myocardial infarction. 

A-dthor. 

t 

Groedel, F. M., and Miller, M.: The Nature and Origin of the So-Called Systolic Gallop 

Ehythm. Exper. Med. & Surg. 3: 107, 1945. 

'Five cases with an apical mesosystolic click in the phonocardiogram and a slight dis- 
placement of the heart shadow in the x-ray film were demonstrated. In the cardiogram,^ 
the click was more like a murmur than a sound and appeared, distinctly, somewhat earlier 
over the vessels of the neck than at the apex of the heart. It was, therefore, obvious that 
the click originated in the close proximity of the heart, probably mostly in the larger pul- 
monary arteries. The cause of the click, in such cases, is most probably some constriction in 
tins- area, on the basis of minor pulmonary processes, which may occur during youth (cal- 
cified glands or minor pleuritic or pulmonary processes) . 

A-othoks. 

Bloomfield, A. L., Armstrong, C. D., and Kirby, W. M. M.: The Treatment of Subacute 

Bacterial Endocarditis With Penicillin. J. Clin. Investigation 24 : 251, 1945. 

Intensive penicillin therapy over long periods (approximately six to eight weeks) led 
to the following results in eleven patients with bacterial endocarditis caused by strains of 
streptococcus sensitive in the test tube. 

All patients were promptly made “ bacteria-f ree ' ' (blood cultures) except one who 
died early in the course of treatment. Eight, or 73 per cent, were clinically cured of the 
infection after follow-up periods up to six months. One patient, apparently cured of the 
infection, died of cardiac failure. Cocci were seen in the deptlis of a scarred mitral valve. 
The significance of this observation is not clear. There -n’ere no clinical relapses or reinfec- 
tions. Petechiao and emboli continued for some time after the blood cultures -were negative. 
Eenal lesions as evidenced by studies of urinary sediment were not as a rule completely elim- 
inated by the treatment. 

Authors. 

Dolphin, A., and Cruickshank, E.: Penicillin Therapy in Acute Bacterial Endocarditis. 

Brit. M. J. 1: 897, 1945. 

Six cases of acute bacterial endocarditis — ^three due to hemolj'tic streptococcus, two to 
Staphylococcus aitreitSf and one to hemoljdie streptococcus were treated with moderate doses 
of penicillin. Pour of the patients were alive six to twelve months after penicillin therapy 
was stopped; three were -^vcll, and one had improved, 
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Attention is directed to the frequency of infection of healthy heart ralves by strepto- 
coccus, which not tmcommonly causes mild genital-tract sepsis, particularly after abortion. 

The criteria for the diagnosis of acute bacterial endocarditis which may occur during 
the course of a generalized infection arc discussed. 

Authors. 

Arrillaga, P. C.: Segmentary Pericarditis. Arch. Inst. Cardiol. Mex. 14: 225, 1945. 

A description is given of the radiographic features of the pericarditis that develop 
when the pericardium has adhesions or partitions produced by previous pericardial episodes 
(segmentary pericarditis) Pour varieties may bo distinguished, which yield characteristic 
radiolo^c pictures: the left, right, st/perior, and inferior segmentary pericarditis. The x-ray 
pictures supply the evidence of this classification. 

Author. 

Keith, J. D., and Boss, A.: Observations on Salicylate Therapy in Bheumatic Fever. 

Canad. M. A. J. 52: 554, 1945. 

The oral administration of 13.3 Gm. (200 grains) of sodium salicylate with an equal 
quantity of sodium bicarbonate produces an average blood level of 31 mg. per cent. Ten 
grams (150 grains) of sodium salicylate with sodium bicarbonate produces a blood level 
averaging 27 mg. per cent. 

Such levels are sufficient to control joint symptoms, keep the temperature down, and 
reduce the pulse rate. The sediraentationn rate returned to normal in an average of four 
weeks in the group on 10 to 13.3 Gm. of salicylate and four and one-half weeks in the group 
on 0 to 1.7 Gm. 

The incident of heart disease was approximately the same in the high salicylate group 
as in the low salicylate group. The numbers were not adequate to draw unequivocal occlu- 
sions. Ten per cent of the rheumatic patients who entered the hospital with normal hearts 
developed rheumatic heart disease that could be recognized at the time of discharge. 

Kausea, vomiting, and tinnitus are much more common early in the administration of 
salicylates than after the patient has been receiving the drug for several days. These symp- 
toms are not usually sufficient cause for stopping treatment. There was no evidence of kid- 
ney damage in this series. Three patients had toxic reactions characterized by hj’perpnea. 
One of these might be labeled severe. 

Authurs. 

Fullerton, 0. W.: The Prevention of Acute Eheumatic Fever. Canad. M. A. J. 52: 559, 

1945. 

Administration of 0.5 Gm. of sulfadiazine twice daily prevented the recurrence of 
acute articular rheumatism. This experience has been observed in 250,000 sailors during 
the winter months. The salicylates prevented the residual effects if they were continued long 
after an attack of rheumatism. The subjects treated prophylactically witli sulfadiazine have 
been equally protected against scarlet fever and meningococcus meningitis. 

Author. 

Taran, L. hL, and Jacobs, M. H.: S.allcylate Therapy in Eheumatlc Fever in Children. 

.T. Pediat. 27; 59, 1945. 

Elieuraatic polyarthritis re.^ponds promptly and effectively to large doses of salicylates. 
This result can be attained by both oral and intravenous use of salicylates. The intravenous 
route in our series of cases did not seem to offer significant advantages over the oral route 
provided the same plasma salicylate level is reached. No difficulty was encountered in reach- 
ing the desired plasma level with oral salicylate administration. The technical difficulties 
and the annoying symptoms ever present in the intravenous method of therapy in our ex- 
perience outweigh the possible benefits derived from this method of shortening slightly the 
period during which rheumatic activity exists. Massive doses of salicylates in this group 
of cases did not present any thrombopenic disturbances and failed to show any detectable 
evidence of acidosis. 

Massive dosco of salicylntea used in rheumatic carditis in children seem to produce 
equally prompt and effective results. The sedimentation rate returns to normal as promptly 
as in the pohuiTthritic group provided the therapy is instituted at the onset of rheumatic 
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activity. "Wlieii therapy is postponed, the subsidence of the rheumatic process is delayed for 
many weeks. All other signs of carditis, however, subsided at the same time as the sedimenta- 
tion rate returned to normal. Intravenous therapy in this group may be hazardous. 

Small doses of salicylates do not seem to affect the course of rheumatic carditis. The 
carditis seems to follow the same course whether insufficient doses of salicylates are given or 
salicylate tlierapy is completely withheld. The duration of the active process as measured by 
the presence of an elevated sedimentation rate is much longer than in the group receiving 
massive doses of salicylates. Furthermore, when salicylates are withheld or given in small 
doses, the rheumatic process shows evidence of activity for a long period "following the return 
of the sedimentation rate to the normal level. 

Attthors. 
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Enfermedades del Corazon — C iRUGiA Y Embarazo: By Ignacio Chavez, Director del In- 
stituto Nacional de Cardiologia, Mexico, D, P, Edicidn de el Colegio Nacional, Mexico 
City, 1945, 182 pages. 

The author of tliis monograph is the director of the National Institute of Cardiology 
of Mexico City. He presents the results of personal experience in addition to extensive bibli- 
ographic quotations. 

The book is well written and gives interesting and important data on two ‘'borderline 
syndromes” of Cardiologj', as it deals adth pregnancy and surgery as a source of risk for the 
cardiac patient. It includes a detailed analysis of the heraodjmamics of normal pregnancy 
and indications for the management of complications during labor and during surgical inter- 
ventions. 

The electrocardiographic changes and the auscultatory signs of normal pregnancy, the 
'action of different hj-pnotics, and the pathogenesis and treatment of pulmonary embolism are 
some of the many interesting points of this book. 

A. Luisada. 

Voluntary Health Agencies; By Selskar M. Gunn and Philip S. Platt. Eonald Press 
Co., New York, 1945, 364 pages. $3.00. 
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Original Communications 

THE SYNDROIME OP BERNHEBI 

Henry I. Russek, M.D., Staten Island, N. Y., and 
Burton L. Zohman, M.D., Brooklyn, N. Y. 

T he clinical picture of right heart failure is routinely ascribed to dilatation 
of the right cardiac chambers. Thus, when systemic venous engorgement 
occurs in the hypertensive or arteriosclerotic subject, it is presumed that the 
right ventricle, having heen unahle to withstand the hnrden imposed hy left 
ventricular insufficiency, has dilated and failed. That this is not always the 
case was demonstrated in 1908 by Bernheim who found stenosis rather than 
dilatation of the right ventricle in a large number of patients who had died 
with the classic symptomatology of right heart failure. Tn these cases he ob- 
served that encroachment upon the cavity of the right ventricle had resulted 
from deviation of a thickened intemmutricular septum which, in some in- 
stances, almost approximated the lateral wall of this chamber. It was evident 
from his findings that hypertrophy and dilatation of the left ventricle had 
materially reduced the capacity of the right ventricle through the mechanism 
of a bulging, interventricular septum. In some cases, the author found the 
latter chamber so compromised in its apical half that it appeared as a narrow 
slit between the bulging septum and the lateral wall with the result that only’- 
the upper half of the right ventricular cavity and the pulmonary conus re- 
mained open. 

In 1910 and again in 1915, Bernheim^* ^ emphasized that the venous en- 
gorgement so characteristically observed in these subjects, is a direct conse- 
quence of obstruction to blood flow through the right ventricle and not, as is 
usually supposed, a manifestation of right heart failure. He pointed out that 
stenosis produced by septal bulging could be diagnosed during life if careful 
attention is paid to the evolution of symaptoms. Thus, while the majority of 
cardiac patients with left ventricular hypertrophy manifest visceral congestion 
and edema only after dyspnea and pulmonary congestion have been present 
for some time, the former symptoms are the first to appear when stenosis of 
the right ventricle has supervened. Consequently, the diagnosis of Bernheim ’s 
syndrome rests upon the clinical picture of isolated right heart failure in asso- 
ciation with left ventricular hypertrophy. These interesting observations, how- 
ever, were forgotten until Laubry and his associates,® having studied patients 
with s imilar signs, proposed, in 1924, a completely different interpretation. 

From the Cardiovascular Service, TJ. S. Marine Hospital, Staten Island, Nerr York. 

Fublished tvith the permission of tlie Surgeon General of the United States Public Health 
Service. 

Received for publication March 17. 1945. 
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They contended that, since the picture of right heart failure is present in cases 
where the right ventricle is not dilated hut narrowed, all instances of cardiac 
decompensation must actually he instances of left heart failure. Other stu- 
dents of the subject, however, challenged this point of view and supported 
Bemheim’s original observations and conclusions. The publications of Martini 
and Joseievich,^'®' Bulirich,®*® Mayer and Mazzei,^’® Mazzei,”-’®’ 
and others characterized the sjmdrome as possessing sufficient clinical and ana- 
tomic individuality to warrant its acceptance as an entity in clinical medicine. 

In 1930, Mazzei,^^ on the basis of his own observations and those reported 
by others, divided the clinical picture of Bernheim’s syndrome into two periods. 
The first, or anatomic period, is of variable duration and does not present im- 
portant clinical signs. Interference with the filling of the right ventricle is 
counterbalanced by dilatation of the infundibular portion of the chamber and 
by enlargement of the right auricle. The second, or clinical period, has a 
shorter evolution and is itself divided into two stages. In the first stage, the 
signs of venous obstniction due to right ventricular stenosis become manifest. 
The pulmonary blood flow remains undisturbed, so that there is a dissociated 
failure of the circulation. In the second stage, which is usually terminal, 
stasis of the lesser circulation is added to the symptoms of systemic venous 
engorgement. MazzeP^ believed that the terminal appearance of pulmonary 
congestion in these eases signified failure of the right ventricle. IVlartini and 
Joselevich,^'' however, took issue with this view. They maintained that failure 
of the lesser circulation is not observed in the first period of the syndrome 
because the dilatation of the left ventricle, which provokes deviation of the 
septum, is active and not passive. In the latter part of the second period, 
the appearance of rales at the lung bases presents evidence of passive dilata- 
tion and true failure of the left ventricle. Inasmuch as this end stage repre- 
sents total failure of the heart, it is only the earlier period, according to 
Martini and Joselevich, which can be recognized as Bernheim’s syndrome. 

Although numerous papers on this subject have appeared in the French, 
Italian, Spanish, and Latin American literature,*'®® a careful search of the 
IndcTy Mcdicus has revealed only one case report®* in the English language. 
The syndrome appears to have attracted little attention from physicians in 
this country. Fishberg,®® in his textbook. Heart Failure, refei's to the syndrome 
and states that he has observed many necropsies which .support Bernheira’s 
views. White,®® in the latest edition of his book, mentions the syndrome for 
the fii*st time but expre.sses doubt on theoretical grounds, to its entity. 

The purpose of this paper, therefore, is to present our findings in three 
cases of Bemheim’s syndrome, two of which were diagnosed during life and con- 
firmed at necropsy and one discovei-ed unexpectedly on post-mortem examination. 

CASE REPORTS 

Case 1- — C. G., a 44-year-old Filipino seaman was first admitted to the U. S. Marine 
Hospital on Oct. 24, 1939, for treatment of asymptomatic hypertension which disqualified 
him for emplojunent. His past historj’ revealed that he contracted gonorrhea in 1928 and 
that he had had no other illnesses except the usual childhood diseases. 

Examination revealed a well-developed and well-nourished adult male of small stature, 
in no acute distress. His temperature was 98.G° F., pulse, 94, and respirations, 18. The 
fundi showed disc margins which were clear and distinct. The retinal arterioles were 
tortuous and "silver-wire” in character. Arteriovenous notching was evident. There were 
no retinal hemorrhages or exudates. The radial pulses were of good volume, equal, and 
regular. The blood pressure was 234/142. There was engorgement of the cervical veins. 
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The apex impulse of the heart was ,2.5 cm. outside the' left mid-clavicular line in the fifth 
intercostal space: - The sounds were of .good quality' and no murmurs were heard. The sec-, 
-ond aortic sound was loud and snapping.- The lungs were resonant throughout. The breath 
' sounds, were vesicular in type and there were no rales. The liver and spleen were not 
palpable. There was no, dependent edema. The. circulation time (arm to tongue) was 19 
seconds using decholin. The, venous pressure was 160 mm. of water. Blood- Wassermann 
and Kahn reactions were negative. . Eoutine urine analysis showed specie gravity of 1.015 

• and a trace of albumin. X-ray of the heart revealed the maximum cardiac, measurements 
as . 5 -cm. to the right and 10.5 cm. to the left; the transverse diameter of the chest was 

• 28.4 centimeters. The lateral view showed obliteration of the retrocardiae space. Electro- 
cardiogram revealed normal sinus rhythm with a ventricular rate of 86; P-B interval, 0.16 
second; QES interval, 0.08 second; slurred QES in limb leads; T waves inverted in Leads 
II 'and LEI; and right axis deviation. 

, After one month’s hospitalization, the, blood pressure showed little change, and the 


patient was discharged. • He was readmitted to the hospital on May 16, 1940, with the 
complaint of swelling of the abdomen and legs. There was no history of exertional or 
paroxysmal nocturnal dyspnea. ' ' 



Fig. 1. Fig. 2. 


Fig. 1. — Case 1. Roentgenogram showing marked enlargement oC the heart. Note the 
absence of pulmonary congestion. 

- Fig. 2- — Case 1. Biectrocardiogram showing right axis deviation.' 

Examination revealed a blood pressure of 204/140. The left border of the heart rvas 
in the anterior axillary line. No murmtirs were heard. The heart rate was 80 per minute 
and regular. Scattered rhonchi were present throughout the lungs. There was marked 
distention’ of the entire abdomen and a fluid wave was elicited. On percussion, Jthere was 
dullness in the flanks as well as shifting dullness on change of position. There \Yas mod- 
erate edema of the scrotum and marked pitting edema of the legs as high as the mid-thigh 
region. . The arm-to-^tongue circulation time was 20 seconds. Eoentgenogram of the heart . 
(Pig. 1) showed an appreciable increase in the transverse diameter of the cardiac silhouette 
as compared with that of the former admissiom Maximum cardiac measurements were 5.6 
cm. to -the right and 12.4 cm. to the left; the transverse diameter of the chest was 27.5 
centimeters. , There was no evidence of pulmonary congestion. The electrocardiogram was 
essentially the same as on first admission showing right axis deviation and inversion of T- 
.waves in Leads EE and 111 (Pig. 2). Urinalysis showed a specific gravity of 1.018 with no 
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abnormal findings. The blood picture revealed 3,500,000 red blood colls and 70 per cent 
hemoglobin. The nonprotein nitrogen of the blood vas 46 mg. per cent; the total serum 
protein ■was 6,9 Gm. per cent; albumin -was 3.5 Gm. per cent and globulin, 3.4 6m. per cent. 
Icterus index "was 15. 

The patient ■was digitalized and 2 c.c. of Mercupurin were administered intravenously 
every three to four days. On this therapj’’ together with fluid and salt restriction, de- 
pendent edema and ascites disappeared. At the time of discliarge, on July 8, 1940, the 
blood pressure was 185/140, the pulse was 80 per minute, and there was no evidence of 
circulatory failure except for prominence of the cer\dcal veins. 

The patient was readmitted to the hospital Oct. 1, 1940, with the same complaint; 
namely, marked swelling of the lower extremities and abdominal distention. There was 
also slight dyspnea on moderate exertion. In the interval, he had been on a maintenance 
,dosage of digitalis. 

Physical examination revealed no evidence of dyspnea or orthopnea. The patient was 
able to lie flat in bed without respiratory distress. The lips were cyanotic. There was 
marked distention of the cervical veins. The heart findings were as formerly noted. Blood 
pressure was 200/140. There were no murmurs or thrills. The cardiac rate was 98 per 
minute and regular. There was marked prominence of the abdominal wall with eversion 
of the umbilicus. The liver border was 3 fingerbreadths below the tight costal margin in 
the mid-c|hviculaT line. A fluid wave ■was elicited in the abdomen and there was shifting 
dullness on change of position. There was scrotal edema and swelling of the lower ex- 
tremities as high as the mid- thigh region. The arm-to-tongue circulation time was 25 sec- 
onds. The venous pressure ■urns 180 mm. of water. X-ray of the heart showed no further 
change in cardiac size. There was still no evidence of pulmonarj' congestion. The electro- 
cardiogram was as formerly noted. The total serum protein was 6 Gm. per cent with an 
albumin level of 3.4 Gm. per cent and a globulin level of 2.6 Gm. per cent. 

Pour thousand cubic centimeters of clear, yellow fluid were withdrawn by abdominal 
paracentesis. The maintenance dosage of digitalis was increased to 1% grains twice daily 
and 2 c.c. of mercupurin wore given every two to three days. It was found that, in spite 
of the restriction of fluid and sodium, edema would develop rapidly if the mercurial diuretic 
was withheld for more than several days. Gain in weight was used as the indication for 
mercupurin therapy. The patient was maintained on this regime for seven months and 
was again discharged on a maintenance dosage of digitalis. He returned as an out-patient 
once each week for an injection of mercupurin but, after two months, had to be read- 
mitted to the hospital because of a recurrence of symptoms. 

Upon entering the hospital on June 3, 1942, there was no evidence of respiratory 
distress. Blood pressure was 182/136. The pulse was 96 per minute and regular except 
for an occasional ectopic beat. Cyanosis of the face was marked. The cervical veins were 
distended and pulsating. The heart was markcdlj' enlarged to the left and there was a 
soft blowing systolic murmur at the apex as well as a protodiastolic gallop. The lungs 
were clear on auscultation except for a few moist rales at both bases posteriorly. There 
was marked protrusion of the abdomen. The liver was 3 fingerbreadths below the right 
costal margin in the mid-clavicular line. Marked pitting edema of the lo'wer extremities 
and scrotum was present. The arra-to-tongue circulation time was 40 seconds using decholin. 
The venous pressure was 200 mm. of water. Eoentgenogram of the heart showed marked 
enlargement in the transverse diameter and also toward the back. The maximum cardiac 
ineasurements were 6.8 cm, to the right and 10.8 cm. to the left; the transverse diameter 
of the chest ■was 25.3 centimeters. There was obliteration of the retrocardiac space. There 
was still no evidence of pulmonary congestion. Efectrocardiogram sho'sved normal sinus 
rhythm with a ventricular rate of 80; P-R interval, 0.21 second; QRS interval, 0.09 second; 
slurred QRS in limb leads; T waves diphasic in Lead II and inverted in Lead III; and 
right Uxis deviation. 

The patient showed slight improvement at first on rest in bed and injections of mer- 
cupurin, but, after sevoral months, his condition became steadily worse and dyspnea and 
orthopnea became evident. The latter sjouptoms thus appeared for the first time after 
three years of observation. At the same time, the systolic apical murmur increased in 
intensitj' and duration. Moist rales were heard at the lung bases posteriorly and x-ray of 
the chest revealed pulmonary congestion involving both lo^u'cr lobes. Ascites and depend- 
ent edema pensisted. The patient failed to respond to all measures and died on Oct. 2, 
1942. The final medical impression was hypertensive heart disease associated ivith Born- 
heim’s syndrome. 



RtFSSEK AND ZOHMAN : SYNDROME OP BERNHEIM ■ 


431 


Auto’gsy . — ^External Examination: The body was that of a male adult Filipino of 
small stature. There was pitting edema of the ankles and legs. The abdomen was pro- 
tuberant. The mucous membranes were pale and showed no evidence of icterus. There 
were no petechiae. 

Internal Examination: The peritoneal cavity contained blood-tinged, yellow fluid 
amounting to approximately 3 liters. There were adhesions between the omentum and the 
anterior abdominal wall suggesting the healing of previous sites of paracenteses. The 
pleural cavities showed no free fluid present. There were no adhesions on the left side but 
a few fibrous attachments were found on the right. The pericardial cavity had a smooth 
lining with a content of about 25 c.c. of clear fluid. The heart was greatly enlarged, par- 
ticularly to ,the left, and weighed 710 grams. A transverse section a short distance above 
the apex of the heart revealed a remarkable thickening of the interventricular septum 
which ranged from 2 to 2.5 cm. in thickness and which had a firm, resilient texture. The 
right ventricular cavity was encroached upon by this convex septal bulging. However, 



Fig. 3. — Case 1. ‘ Transverse section of tlie heart showing marked hypertrophy of the 
left ventricle and the interventricular septum. The right ventricle is reduced in size by the 
bulging septum, the left ventricle by concentric hypertrophy. 

the capacity of the right ventricle appeared to be about equal to that of the left, since the 
latter was markedly reduced bj- concentric hypertrophy of the myocardium (Fig, 3). There 
was a considerable area of fibrous replacement of the left ventricular wall nlaterally, ex- 
tending from the mid-portion to include the apex. Dissection of the coronary arteries 
showed that the left was predominant. The caliber was large. There were numerous 
atheromatous foci. Fresh thrombus could not be found. The valves of the heart showed 
considerable atheroma. The dimensions of the valves were: mitral circumference, 13 cm.; 
aortic, 6.5 centimeters. There was no evidence of old or recent vegetation, fibrosis, or 
calcification. The right auricle was considerably dilated. No thrombi were present. The 
aorta showed considerable thickening of the entire wall. There was no aneurysm. The 
intima showed longitudinal wrinkles and flat grayish-white foci suggesting syphilitic aortitis. 
Tho lungs were partially aerated and had a brownish-yellow color indicative of passive 
congestion. On section the tissue was moist and considerable hemorrhagic fluid exuded 
from all lobes. Small foci appeared to be recently consolidated. These were distributed 
centrally in both lungs. Tho liver weighed 1,100 grams. Its capsule was smooth, and, on 
section, the substance was yellow-brown and not unduly resistant. The principal vessels 
appeared normal. The spleen was not enlarged and showed normal markings. 
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Gastromtestinal Tract: Numerous areas of intense congestion were found in tlie 
stomach and small intestine. There was marked thickening and hemorrhagic infiltration 
in the descending colon for about 2o cm. suggesting thrombosis of the veins. The kidneys 
weighed 305 grams together and were of about equal size. On section each kidney showed 
a cortical width of about 7 millimeters. On stripping the capsule, the surface was left 
finely granular. In addition there were a number of small sunken and retracted areas of 
fibrosis. 

Microscopic Examination . — The myocardial fibers were larger than usual. There was 
a moderate amount of interstitial connective tissue interrupting the muscle fibers over an 
extent of several low-power fields. Dilated capillary vessels were seen in the middle of 
these scars. Large branches of the coronary system were seen in section and showed very 
prominent atheromatous thickening of the intima and severe reduction of the lumen. The 
aorta showed numerous small scars in the media together with dilated capillary vessels and 
clusters of lymphocytes. There were also foci of vacuolization and lipoid deposit in the 
intima. The lungs showed marked congestion of the capillaries and veins throughout 
several sections. The alveolar spaces contained many large monocytes containing brown 
granular pigment. There were small areas of infarction. The general architecture of the 
liver was well preserved, the central areas were congested. Most of the glomeruli of the 
kidneys were well preserved, but a few scattered, partly or completely fibrotic glomeruli 
were noted. Numerous interstitial areas appeared fibrosed and moderately infiltrated bj' 
IjTnphocytes. The arteries showed severe thickening and hyalinization involving large and 
small branches. Necrosis of arterial walls could not be found. Pathologic diagnoses were: 
fibrosis of the myocardium; hypertrophy of the heart; coronary arteriosclerosis; nephro- 
sclerosis; passive congestion of the lungs, liver, and kidneys; sj-philitic aoi-titis; anasarca; 
and generalized arteriosclerosis. 

Case 2. — ^F. E., a 42-year-old Filipino merchant seaman was admitted to the hospital 
on Sept. 27, 1943, with a history of persistent swelling of the ankles since 1D39, followed, 
a short time later, by shortness of breath on exertion. One week prior to admission he had 
some discomfort in the chest and because of this was referred to the hospital. The past 
history was essentially negative except for a Neisserian infection in 1918. 

Physical examination revealed a well-nourished and well-developed male of small 
stature, not acutely ill. There was no evidence of dyspnea or orthopnea. Both pupils 
reacted to light and accommodation. The fundi showed marked tortuosity of the vessels 
and hj-pereraic discs. No hemorrhages were noted. The lungs were clear to percussion and 
auscultation except for a few fine rales at both bases. The heart was considerably en- 
larged with the left border in the anterior axillary line. There was a blowing systolic 
murmur at the apex. The aortic second sound was louder than the pulmonic. The cardiac 
rate was 114 per minute; the rhythm was regular. Blood pressure was 230/155. The liver 
edge was felt 3 fingerbreadths below the right costal margin in the mid-clavicular line. There 
was c%’idence of free fluid in the abdomen. There was moderate pitting edema of both 
ankles. Tlie arm-to-tongue circulation time was 20 seconds using decholin. The venous 
pressure was 150 mm. of water. A diagnosis of hypertensive heart disease with Bemheim 's 
syndrome was made. X-ray examination of the heart showed the cardiac shadow^ to be 
markedly enlarged (Fig. 4). The maxium cardiac measurements were 5.9 cm. to the right 
and ll.G cm^. to the left; the transverse diameter of the chest was 26 centimeters. A 
lateral study showed marked obliteration of the retrocardiac space by the left ventricle. 
Fluoroscopic examination revealed definite left ventricular enlargement but failed to show 
any evidence of right auricular dilatation. Electrocardiogram before the administration 
of digitalis, showed normal axis with inversion of the T waves in the limb leads (Fig. 5). 
Urinalysis showed a specific gravity of 1.010 with moderate albuminuria, many red blood 
cells, and a few hyaline and granular casts. The blood count was essentially normal. 'Was- 
sermann and Kahn tests were negative. Nonprotein nitrogen was GO mg. per cent. Total 
protein was 7.2 Gm. per cent with an albumin level of 3.3 Gm. per cent and a globulin 
level of 3.9 Gm. per cent. 

While in the hospital the patient showed little evidence of dyspnea. There were a 
few moist rules at both lung bases. Moderate edema of the lower legs persisted. Patient 
was digitalized and given mcrcupurin intravenously once or twice weekly with some im- 
provement. On Nov. IS, 1943, the, blood pressure was 250/160. There was a loud systolic 
murmur and gallop rhythm at the apex. The heart rate was 80 per minute and the rhythm 
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was regular. The second pulmonic sound was markedly accentuated and considerably louder 
than the second aortic sound. The lungs showed many moist rales bilaterally. The circu- 
lation time, arm-to-tongue, was 65 seconds. The venous pressure was 270 mm. of water. 
Dyspnea and orthopnea were present. On Nov. 30, 1943, the patient developed a convulsive 
seizure lasting several minutes. Convulsions recurred in rapid sequence and the patient 
lapsed into coma and expired Dee. 4, 1943. 

Autopsy . — External Examination: The body was that of a normally developed and 
fairly well-nourished oriental male of adult age. The mucous membranes showed no evi- 
dence of icterus. There were no petechiae. 



Fig. 4. Fig. 5. 

Fig. 4. — Case 2. Roentgenogram .showing marked enlargement of the heart. 

Fig. 5. — Case 2. Electrocardiogram showing normal electrical axis. 


Internal Examination: The peritoneal cavity contained no free fluid or exudate. The 
pleural cavities showed a little free fluid present. There were no adhesions. The peri- 
cardial cayity was found to have a lining which was dull and fibrinous with no free fluid 
noted. The heart weighed 725 grams. The surface was fibrinous with hemorrhagic foci 
posteriorly. The myocardium was firm in consistency and showed no foci of softening or 
hemorrhage. The thickness of the left ventricle was 2.3 centimeteis. The septum was 3 
cm. thick. The right ventricular cavity was markedly compromised by the hypertrophied 
and bulging septum (Figs. 6 and 7). The coronary arteries showed patent orifices. On 
dissection they were patent and had many foci of atheroma and calcification. The endo- 
cardium showed no mural thrombi. The valves had normal surfaces. No vegetations were 
observed on any of the valves. The measurements were: tricuspid, 10 cm.; mitral, 9 cm.; 
pulmonarj^, 7 cm.; and aortic, 7.2 centimeters. The aorta showed slight patchy yellow 
discoloration and a few atheromatous plaques. The lung surfaces were smooth, and there 
was no exudate. On section, the tissue contained air in all portions and had a yellowish 
color. The liver weighed 850 grams. Its surface was smooth; it was firm in texture; and 
it was mottled in color. The spleen was not enlarged. On section its pulp was purple in 
color and firm in consistency. The kidneys were symmetrical and weighed 400 grams to- 
gether. On section the cortex had a width of 7 millimeters. The capsule stripped readily, 
leaving a finely granular surface. The markings were unclear and the color was purple. 

Microscopic Examination . — ^The large coronary trunks had thick hyaline walls with 
foci of lipoid and lymphocytes. The epicardium was covered by red cells and fibrin in 
certain sections. The myocardial fibers were greatly enlarged and the nuclei huge. Some 
fibrosis was apparent. The glomeruli of the kidneys contained blood cells. There were 
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partly hyalinized and swollen areas especially close to the afferent artery or actually in- 
volving it. Peculiar blotchy hyaline necrosis thickened and occluded many arterioles. The 
larger arteries showed severe atheromatous changes. The centrolobular regions of the liver 
were heavily inffltrated by red blood cells. The arterioles showed necrotic hyaline areas. 
There were many pigment-laden phagocytes in the air spaces of the lungs. Many bron- 
chioles were filled with polynuclear cells. Hj'aline thrombi of the arterioles were noted. 
The pathologic diagnoses were: nephrosclerosis, malignant; diffuse arteriolitis; and hyper- 
trophy of the heart, especially the septal portion of the left ventricle. 



Fig. 6. — Case 2. Transvcnso section of heart (inlduay between ape.x and base) showing 
marked left ventricular hypertrophy. The cavity of the right ventricle la greatly reduced 
in size by the bulging interventricular septum which measures 3 ,cni. in thicitness. 



Fig. 7. — Case 2. 

the 


Longitudinal pcction of the heart showing relative size of the vcnlriclea. 
bulging septum and the reduced capacity of the right ventricle. 


Note 
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Case 3.— "W. a 73-year-old' -wMte mercliaat seamaa Tvas admitted to the hospital oa 
Sept. 22, 1943, with the complaiat of dyspnea on exertion and swelling of the ankles of 
two months ’ duration. Two weeks prior to admission he experienced a severe attack of 
dyspnea requiring an injection of morphine. Past history was noncontributory. There was 
no previous history of rheumatic fever or syphilis. 

Physical examination revealed an elderly white male not acutely ill. His temperature 
was 98.6° P., and his respirations, 20. The face and nail beds were cyanotic. The blood 
pressure was 130/SO. There was marked distention of the cervical veins. The left border 
of the heart was 3 cm. outside the left mid-clavicular line. There was a, loud, harsh, sys- 
tolic murmur over the precordium with maximum intensity at the aortic area where a 
systolie thrill was palpated. The second aortic sound was absent. A mid-diastolic rumble 
was heard at the apex. The cardiac rhythm was irregularly irregular with an approximate 
ventricular rate of 88 per minute. The lungs were clear throughout: no rales were heard. 
The liver border was 4 iingerbreadths below the right costal margin in the mid-clavicular 
line. There was marked pitting edema involving the legs as high as the mid-thigh region. 
Large blebs containing clear fluid, were present over the lower legs. Blood Wassermann 
and Kahn reactions were negative. Eoutine urinalysis showed a specific gravity of 1.015 
with negative flndings. X-ray of the heart revealed the maximum cardiac measurements 
as 4.8 cm. to the right and 12.6 cm. to the left; the transverse diameter of the chest was 
33.2 centimeters. There was emdence of small infarcts in the right lung base adjoining 
the heart (Pig. 8). The lateral view showed calcification in both the mitral and aortic 
valve rings. Electrocardiogram revealed auricular fibrillation with a ventricular rate of 
approximately 60; diphasic T waves in the limb leads due to digitalis effect; and normal 
axis (Fig. 9). 



Pig. 8. — Case 3. Roentgenogram showing marked enlargement of the heart. Note absence 
of pulmonary congestion. There are small infarcts at tlae right lung base. 

The clinical diagnosis was rheumatic heart disease, mitral and aortic stenosis, auricu- 
lar fibrillation, and congestive heart failure. The patient was digitalized and was given 
mercupnrin intravenously twice weekly. While in bed he manifested little dyspnea but 
continued to show the signs of marked right heart failure. He was discharged on Jan. 14, 
1944, for continued rest in bed at home. 

The patient was readmitted on Feb. 17, 1944, with the complaint of marked swelling 
of the lower extremities which were covered with “blisters” in their lower parts. 

Examination revealed similar findings as on previous admission. Cyanosis was marked. 
There was engorgement of the cervncal vuins. Moist rales were heard at both lung bases 
posteriorly. The abdomen was distended and a fluid w.aTe was elicited. There was marked 
pitting edema of both lower extreniities as high as the groin. Large weeping ulcers were 
present over the middle two-thirds of both tibiae. 
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Oalrest in. bed, digitalis, and mercupurin, slight improvement ensued. Latery the pa- 
tient became drow^ and appeared dehydrated. A blood nonprotein, nitrogen was found 
to be 138 mg. per cent. All further measures failed to influence the course of the illness, 
and the patient expired on March 19, 1944. 

Autopsy.-— External Examination: The body was that of a well-developed and well- 
nourished white man of advanced age. There was pitting edema of the legs. The mucous 
membranes showed no evidence of icterus. There were no petechiae. 

Internal Examination: The peritoneal cavity had some free fluid but ho exudate. 
There were no adhesions. The pleural cavities showed smooth surfaces and a little free 
fluid was present. The pericardial cavity had a smooth lining and contained about 25 c.c. 
of clear fluid. The heart weighed 800 grams. The myocardium was firm in consistency, 
and showed a few foci of flattening and retraction, especially in the right ventricle. The 
left ventricle measured 2.6 cm. in thickness. The interventricular septum bulged convexly 
toward the right, markedly encroaching upon the right ventricular cavity. The septum 
measured 3.2 cm. in. thickness (Fig. 10). The coronary arteries showed small orifices.. On 
dissection they were patent and had many foci of atheroma and calcification. The endo- 
cardium of the auricles showed friable pink mural thrombi. The valves had normal sur- ;. 
faces and tendons on the right side of the heart. The mitral curtains and tendons were 
short and adherent. There was marked deformity of the mitral and aortic valves with 
abundant knoblike calcified encrustations in the sinuses of Valsalva, holding the aortic 
orifice in a closed position. 

The lung surfaces were dull and showed a fibrinous exudate. On section the tissue 
contained air in all portions except for large wedges of dark red consolidation sharply out- 
lined and present in all lobes on both sides. The liver weighed 1,520 grams and showed a 
finely nodular surface. Its texture was firm and its color brown gray. The spleen was. of 
normal size and on section its pulp was firm. The kidneya were about equal in size and 
weighed about 390 grams together. On section the cortex had a width of 6 millimeters. 
The capsule stripped easily, leaving a smooth surface. The markings were clear with a few 
small cysts and. a rare zone of yellowish color with a reddened margin. 

■ Mwroscojiic' Examination . — The myocardium showed considerable interstitial fibrosis. 
Many of the muscle fibers were enlarged; There was hyalinization with foci of calcifica- 
tion in the base of a valve. . A few cellular foci were noted near blood vessels and be- 
neath the endocardium. They consisted of large cells with ovoid nuclei. Some pigment 
was present. Large areas of necrosis and monocytic infiltration were noted in the wall of 
an auricle. Its lumen was occupied by a fibrin thrombus with masses of leucocytes and red 
blood cells enclosed. A large branch of the pulmonary artery had a degenerated edematous 
and fibrinoid wall with destruction of the endothelium. The lumen was filled by a throm- 
bus of fibrin and blood cells with large central areas of laking. The small arteries of the 
lung also contained thrombi and showed foci of atheroma, edema, lamellar splitting, and 
monocytic infiltration. The alveoli contained a great many pigment-filled monocytes. The 
centrolobular areas of the liver were severely damaged and infiltrated by red blood' cells. 
About half of the trabeculae were thus involved. Many phagocytes and some fibroblasts 
were noted. The arteries of the kidney were thick and hyaline. The great majority of 
the glomeruli and tubules appeared intact. Pathologic diagnoses were: rheumatic endo- 
carditis with mitral and aortic stenosis; mural thrombosis of the auricles; pulmonary in- 
farctions; arteriosclerosis of the pulmonary arteries; and central necrosis of the liver. 

. DISCUSSION 

The advent of systemic venous engorgement as the first sign of circulatory 
embarrassment and its persistence in the absence of pulmonary cofigestion, 
suggested' the .clinical diagnosis -of Bernheim’s syndrome in Cases 1 and '2. 
Although ascites, enlargement of the liver, and dependent edema existed for 
some time, roentgenograms of the chest as ■well as physical signs failed to 
reveal , e'videnee of pulmonary congestion until a later stage. The patients, 
moreover, were able to lie flat 4n bed and to engage in slight to moderate 
activity mthbut manifesting respiratory distress. Correlated -with these fea- 
tures of the clinical picture was the interesting observation in the early stage 
of the disease, of an elevated venous pressure with a comparatively normal 
arm-to-tongue circulation time. Interference with the filling of the right ven- 


triele, therefore, seemed more competent to explain these findings than did 
failure of this chamber following left ventricular inkifficiency. Furthermore, 
if the engorgement of the systemic veins had had its pathogenesis in true in- 
sufficiency of the right ventricle, an appreciable dilatation of that chamber 
should have been noted. On the contrary, necropsy study revealed no dilata- 
tion of the right ventricle in spite of long standing symptoms of right heart 
failure. Tliis finding, together with the marked displacement and bulging of 
the interventricular septum into the right ventricle, lends support to Bern- 
heim’s contention that interference with the filling of the right ventricle under- 
lies systemic venous engorgement in these cases. 

The development of pulmonary congestion as a terminal event in this syn- 
drome, has been a subject of considei’able discussion. In Case 1, a loud, blow- 
ing apical, systolic murmur and gallop rhythm developed with the onset of 
pulmonary congestion late in the course of the disease. In Case 2, gallop 
rhythm and marked accentuation of the second pulmonic sound similarly pre- 
ceded the development of bilateral basal rales and orthopnea. It appears, 
therefore, that prior to these findings the clinical picture wa.s dominated by 
signs and symptoms arising from obturation of the right ventricle; whereas, 
left ventricular failure, if it existed at all, was either minimal or neutralized 
by diminished right ventricular output. The normal circulation time and in- 
creased venous pressure in both eases, strengthen this view. "With the appear- 
ance of gallop rhythm and relative mitral insufficiency, congestion of the lungs 
soon developed as a result of failure of the left ventricle. 

In Case 3 in Avliich the cardiac lesions were aortic and mitral stenosis, the 
anatomic features of Bernheim's sjmdrome were discovered unexpectedly at 
necropsy. In -retrospect, the only unusual feature was the extreme degi’ee of 
“right heart fajlure” associated vnth minimal pulmonary congestion. Inas- 
much as a similar clinical picture is sometimes seen in mitral stenosis vlth 
failure of the right ventricle, no other mechanism was .suspected. The dis- 
covery of a greatly reduced right ventricular chamber at autopsy was, there- 
fore, an interesting paradox. 

Certain electrocardiographic findings have been deseilbed as character- 
istic of Bernheim’s syndrome. Some authors have stated that left ventricular 
px’eponderance is the usual feature of the electrocardiogram. From anatomic 
considerations, one would indeed anticipate rotation of the electrical axis of 
the heart to the left; nevertheless, in none of the three cases which we have 
presented, was this finding observed. On the contrary, there was right ven- 
tricular preponderance in Case 1 and a normal electrical axis in Cases 2 and 3. 
Glushein and Geer®' similarly reported “no axis deviation” in the ease which 
they observed. These seemingly paradoxical findings require explanation in 
view of the marked difference in the relative size and thickness of the respec- 
tive ventricles. Inasmuch as Eliaser and Konigsberg^® found right axis de- 
viation in 40 per cent of their cases of cardiac aneux’ysm, Kowland“ regards 
right axis deviation in association with left ventricular enlargement as sug- 
gestive of this diagnosis. Klainer,"*® in a recent report, found only thirty-si.x 
instances of right axis deviation in hypei'tensive or arteriosclerotic heart dis- 
ease in all the electrocardiographic records of the Beth Israel Hospital over a 
ten-year pexnod. He attributed the light axis deviation to wide.spread necrosis 
of the left ventricle which nullified the effects of hypertrophy of this chamber. 
It also seems possible, however, that a bulging and deviated interventricular 
septum, as seen in the syndrome of Bemheim, may alter the electrical axis of 
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the heart and even be responsible for tinexpeeted right axis deviation in hyper- 
tensit^e heart disease. 

Duleos^® regarded the kymo graphic demonstration of right auricular dila- 
tation as a valuable diagnostic sign when Bernheim’s syndrome is suspected 
in a case with left ventricular enlargement. Glushein and Geer®’’ similarly 
believe that the fluoroscopic findings, as observed in their case, are almost 
pathognomonic of the syndrome of Bernheim. The combination of a large left 
ventricle with a large right auricle, the two other chambers being of normal 
size, is not found, according to these authors, in the ordinary types of heart 
disease. In our first ease, fluoroscopic studies seemed to confirm the clinical 
impression of Bernheim’s syndrome. In Case 2, however, right auricular en- 
largement could not be established fluoroscopically or by Ir^’mographic studies. 

Case one provided an opportunity of studying the syndrome of Bernheim 
from the presymptomatic stage to death, a period of three years. Our obser- 
vations are, for the most part, in accord with the description of the clinical 
picture recorded by Mazzei.^’^ In the first or anatomic period, there are few 
or no important clinical signs. Interference with the filling of the right ven- 
tricle is counterbalanced by dilatation of the infundibular portion of the cham- 
ber and by enlargement of the right auricle. There maj’’ be some distention ' 
of the cervical veins and the venous pressure may be found elevated while the 
circulation time remains at the upper limit of normal. The second or clinical 
period, is divided into two stages. In the first stage, there is “dissociated” 
failure of the circulation; that is, systemic venous engorgement without dis- 
turbance in pulmonary blood flow. The' lung bases are clear, and dyspnea is 
absent or minimal while hepatic enlargement, ascites, and dependent edema 
may be marked. During this interval, the circulation time may still be ‘within 
upper normal limits or slightly increased while there is appreciable elevation 
in venous pressure. Fluoroscopic and kymographic studies may establish en- 
largement of the left ventricle and right auricle with normal size of the two' 
other chambers. It is this stage of “isolated right heart failure” which is 
recognizable clinically as Bernheim’s syndrome. In the second stage, which 
represents total failure of the heart, disturbance of the lesser circulation is 
added to the earlier symptoms of venous obstruction. It is at this time that 
dyspnea and orthopnea become evident. Eegarding pathogenesis, however, our 
findings support the view of j\rartini and Joselevich^^ that the terminal appear- 
ance of pulmonary congestion indicates failure of the left ventricle, and not 
the right ventricle as supposed by Mazzei. 

From cases thus far reported in the literature, it appears that Bernheim’s 
syndrome may develop in any condition capable of producing marked left 
ventricular hypertrophy and dilatation such as hypertension, arteriosclerosis, 
chronic nephritis, and aortic and mitral vahailar disease. 

SUMMARY AND CONCLUSIONS 

1. The syndrome of Bernheim is a distinct clinical entity characterized by 
systemic venous engorgement without pulmonary congestion. 

2. This picture of “isolated right heart failure” is the result of stenosis 
of the ca%’ity of the right ventricle through displacement of the interventricu- 
lar septum due to marked enlargement of the left ventricle. 

3. The diagnosis is suggested when a patient with left ventricular hyper- 
trophy shows signs of right heart failure as the first indication of circulatory 
embarrassment. 
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4. The “right heart failure” is not due to myocardial weakness hut re- 
sults from obstruction to blood flow through the right ventricle. 

5. Dyspnea and other signs of pulmonary congestion are conspicuously 
absent or minimal until the terminal stage of the disease when failure of the 
left ventricle finally supervenes. 

6. In a typical case, the circulation time may remain within normal limits 
for some time while the venous pressure is appreciably elevated. 

7. Fluoroscopy may be helpful in demonstrating enlargement of the left 
ventricle and right auricle with normal size of the other two chambers. 

8. The bulging and thickened interventricular septum may influence the 
electrical axis of the heart and even be responsible for unexpected right axis 
deviation in cases of left ventricular hypertrophy. 

9. The syndrome of Bernheim may occur in any condition causing marked 
left ventricular hypertrophy and dilatation. 

10. Three eases of this syndrome are presented in two of which the diag- 
nosis was made during life and confirmed at necropsy while, in the third, the 
condition was discovered unexpectedly at post-mortem examination. 

The authors 'vrish to express their thanks to Dr. William H. Gordon for some of the essen- 
tial data in Case 1 and to Dr. La^vrence Sophian, who performed the post-mortem examination. 
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PERIPHERAL VASCULAR CHANGES IN DERMATOMYOSITIS 

Captain Jacob J. Silverman, M.C., and 
Lieutenant Colonel Vernon E. Powell, M.C., Army of the United States 

I N THE differential diagnosis of occlusive diseases of the arterioles, one does 
not ordinarily think of so-called dennatomyositis. In the nomenclature^ pub- 
lished by the Nomenclature Committee of the Section for the Study of the 
Peripheral Circulation of the American Heart Association, no mention is made 
of dermatomyositis, although such diseases as periarteritis nodosa and lupus 
erythematosus disseminatus are listed. Herrmann- in a X’ecently revised text- 
book on diseases of the heart and arteries omitted dermatomyositis entirely. In 
a lengthy review^ of this textbook, appearing in the Archives of Internal 
Medicine, the author is specifically taken to task for this omission. 

There may be several reasons for the omission of dermatomyositis in the 
classification of vascular diseases. First, dennatomyositis is a rare disease and 
frequently goes unrecognized.^-^ Secondly, there seems to be a lack of 
unanimity as to just what dennatomyositis represents. Clinically, dermato- 
myositis, scleroderma, disseminated lupus erythematosus, the Libman-Saclvs 
syndrome, and polyarteritis nodosa appear at times related, and the question 

has been raised whether or not there is a common denominator in all these 

1 

Prom the cardiovascular section, Kennedy General Hospital, Memphis, Tennessee. 

Captain Machteld E. Sano, M.C., Army of the United States, performed the pathologic 
studies of the biopsies. 
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vaguely understood diseases."’ ® Finally, the term dermatomyositis is mislead- 
ing. In standard textbooks of medicine"®- ** the disease may be found listed under 
such a heading as nonsuppurative myositis. Theoretically, the term deimato- 
myositis is applicable to any disorder in which there is inflammation of the 
muscles associated with shin changes. O’Leary and Waisman^ point out, how- 
ever, that cutaneous manifestations may be totally absent. It appears that the 
cutaneous and muscular features of dermatomyositis have been unduly en- 
phasized. In certain patients, the peripheral vascular changes dominate the 
entire clinical picture. Jager and Grossman" observed a history of Raynaud’s 
phenomena in four out of their nine reported cases of dermatomyositis. The 
foUo'wmg case report illustrates the pr^ounced peripheral vascular features 
of this illness. 





Fig. 1. — Photograph showing trophic ulcer ot left midclle flngcr. 


.CASE REPORT 

I/. .1,, a 35-year-old, white, Jcwi.«h soldier, was in good health until May, 1943, when he 
developed a vesicular and papular type of eruption of his hands and feet. At the time he 
was stationed in a Southwest Pacific Area and was cared for by the stail of a station 
hospital unit. He was told he liad a fungus infection and various local applications, in- 
cluding sulfonamides, were tried with periodic relief. About the time of the onset of his skin 
condition, he gradually developed weakness, abdominal pain, vague aches and pains in most of 
his muscles, cnimps in his legs on walking and "nervousness.,” Hi.s appetite was poor, and 
ho lost 25 pounds in weight. In Alarch, 1944, the condition of his skin was much improved, 
.hst he developed an nicer at the tip of the middle fmger of his left hand. This ulcer was 
refractory to treatment. He was linally evacuated to the United States with a diagnosis of 
dermatitis of unknown origin and psychoncurosi.s. 
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Physical Examination . — The patient' was well developed hut undernourished and ap- 
peared chronically ill. . The skin over the distal portion of his lower extremities tad a slight 
gloss and seemed slightly adherent to- the imderljing structures, v The palms and soles Showed 
a few vesicles and some scaling, with evidence of atrophy. The left middle finger, at its 
distal volar aspect, showed ah indolent-appearing nicer. The ulcer had a necrotic slough over 
its base. There was tenderness over most of the large muscles, including the deltoid, trapezius, 
and triceps. Both hands and feet felt unusually cold, and in the dependent position there 
was marked rubor. The dorsalis pedis pulsations were not elicited, but the posterior tibial, 
popliteal) and radial pulsations were easily palpated. The left radial pulsation felt weaker ; 
than the right. Elevation of the lower extremities for a period of three minutes caused the 
feet to take on a blanched, cadaverous appearance. The heart and lungs were normal; the , 
blood pressure measured 116/80; the spleen was not palpable, but there was moderate gen- , 
eralized lymphadenopathy.- The reflexes were normal, but slightly hyperactive. Examination 
of the peripheral nerves by electrical stimulation showed spotty and irregular changes of both 
sides of the body. These changes did not appear to be organized in any special nerve dis- 
tribution but occurred rather in a pattern referable to terminal motor branches. An osciUo- s 
metric study revealed no pulsation over the dorsum of each foot and relatively less of a pulsa- . 
tion in the left wrist (Table I) . 



Laboratory SUidies . — There was no anemia. The leucocyte count varied from 12,000 to , 
17,000 per cu.mm. The differential count was normal except that the monocytes occurred in a. 
proportion of from 6 per cent to 12 per cent. The sedimentation rate was 15 mm. in one 
hour (modified Cutler method used; normal less than 10); the urinalysis was negative; the 
blood Kahn test was negative; blood smears for malaria were negative; a stool examination 
for parasites was negative; . the blood cholesterol was 270 mg. per 100 c.c.; creatinine, 1.37 
mg. per 100 c.c.; blood calcium, 10.4 mg. per 100 c.c.; total serum protein, 6.6 Gm.; globu- 
lin, 2.4 Gm, and albumin, 4.2 ; albumin-globulin ratio, 1.7 ; urinary creatine and creatinine 
studies revealed a creatine value of 112 to 51 mg. in 24 hours and a creatinine value varying ' 
from 1.56 to 1.52 Gm.; basal metabolism, -1 per cent; skin test for trichiniasis, negative; 
electrocardiograms, negative; x-ray of heart and lungs, normal; x-ray of left middle finger 
showed early atrophy of bone in the distal phalanx. X-ray examination of both feet was neg- 
ative. No calcification was seen. 


Table I. Oscillometric Study 
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RIGHT 

LEFT 

Calf 

5.00 

5.00 

Ankle 

1.80 

1.90 

Foot 

0.00 

0.00 

Wrist 

1.90 

1.50 
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Biopsy.— A biopsy of the lymph node taken from the left epitrochlear region, on the 
same side in Tvhich the nicer of the finger vras located, showed evidence of inflammation. Sev- 
eral of the vessels in the surrounding tissue showed almost complete occlusion. Biopsies of the 
-left soleus and the left deltoid muscles showed an increase in the nuclei of the sarcolemma. 
Here and there the bundles were covered with a few round cells, an occasional neutropliile, 
and a “phagocyte. The interstitial. stroma was infiltrated with plasma cells, small round cells, 
and occasional neutrophiles and phagocytes. The capillaries were surrounded by small round 
cells and plasma cells, and diapedesis was present. The w'alls of the medium sized vessels occa- 
sionally were infiltrated witli round cells. There was no evidence of endothelial proliferation. 
The pathologist concluded; “There is a myositis with some muscular degeneration and 
atrophy, and there is a vascular disturbance, especially noted in the capillaries and smaller 
ve.'isels” (Figs. 4, 5, and 6). 



Fig-. 3. — Photograph showing beginning trophic changes of the large right toe. 

Course . — The patient was observed for approximately two months at this general hospital, 
during which time his chief complaints were generalized pains and aches, particularly in the 
lower extremities after walking, a nonhealing ulceration of the left middle finger, and pro- 
gressive weaknes.s. Writing a simple letter was enough to tire him. Ho was afebrile except for 
three episodes of fever la.sting lcs.s than two days. Bach bout of fever reached 100.5° F. Prior 
to hospitalization he was a heavy smoker, averaging two packages of cigarettes a day. This 
habit tva-s discontinued after much persuasion. The ulcer on the finger was followed by the 
.surgical service. Local applications of a bland ointment, together with physiotherapy, were 
prescribed. In the last five week.'; the ulcer showed a tendency toward healing. Modified 
Buerger’s exercises were given daily, but there was no appreciable improvement in the circu- 
lation of his lower extremities. A paravertebral block on the loft side was performed. The 
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left lower extremity became warmer but there was no increase in the oscillometric rcadinjis. 
A brachial block was also tried on the left side. The left hand became warmer and there was 
definite relief of discomfort in the ulcerated finger. He was aeen by the ophthalmologist who 
found narrowing of all the retinal arteries. The patient, however, had no complaints refer- 
able to his eyes. 

- ■ . DISCUSSION 

Clinically, the peripheral vascular maiiifestations in this patent were similar 
to those seen in thromboangiitis obliterans. He was in the relatively young 
age group, of Jewish blood, and smoked excessively. The pathologic findings, 
however, revealed none of the endothelial changes characteristic of this disease. 
Periarteritis nodosa is suggested by the mild leueoeytosis, the occasional bouts 
of fever, and the tridespread and varied distribution of the clinical findings. 
Again, the pathologic findings were not characteristic of the usual case of 
periarteritis nodosa. The changes in the walls of the blood vessels seemed more 
in the nature of an infiltration ^vithout the necrosis seen in periaiferitis. A 
skin biopsy taken from the region where the epitroehlear gland was removed 
showed no significant findings. Specimens taken from widely separated 
muscles, however, showed unequivocal evidence of a myositis such as has been re- 
ported in dermatomyositis (Fig. 4). Of particular interest are the pathologic 
changes seen in the arterioles (Figs. 5 and 6). The concept that dermatomyositis 
may ,be primarily a disturbance of the blood vessels was fii’st proposed by 
Lepine,® in 1901. The term “angiomyositis” was suggested. Certainly, the 
clinical course and manifestations of our patient lend support to the concept 
that dermatomyositis is primarily a vascular disease. 

SUMMiVRY 

1. A patient wth certain features of so-called dermatomyositis is pi*esented 
who showed pronounced peripheral vascular disturbances. 

2. The widespread vascular changes in dermatomyositis are emphasized. In 
the differential diagnosis of occlusive diseases of the arteriole.s, so-called dermato- 
myositis should be included. 
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THE RECRUIT’S HEART 

Reduplication op the First Sound ; Heart Strain and a New 

IMethod op Calibration 

J. Stephen Lewis, M.D. 

Bryn-y-Mor, Solva, Pembrokeshire, England 

I PUBLISHED a preliminary report on this subject in 1940, and I have since 
made a systematic examination of a further number of hearts in an en- 
deavour to learn the significance of reduplication of heart sounds and the 
effect of strain on the heart. I have again, largely, made use of the hearts of 
young people, for they react more quickly and delicately to sudden strain. 
This has proved to he a fertile field which may stimulate and encourage other 
workers to improve on my results. 

It is not my intention to deal with the bibliography of the subject of 
added heart sounds. I would refer those who are interested to a recent valu- 
able paper by Evans, “Triple Heart Rhythm.”^ Moreover, I have -to a certain 
extent followed Evans’ schematic pattern when illustrating the cardiac cycle 
(Fig, 1 ). 

I first drew attention in 1919 to the fact that reduplication was much more 
common in young children than in adults. Cossio and Braun-Menendez^ 
(1935) gave the following percentages: infants, 12 per cent; adolescents, 7 per 
cent ; and adults, 1 per cent. 

Many are the theories, which have been advanced in an effort to explain ' 
the mechanism producing added sounds, and Pillsbury® points out that they 
are as variable as possible. Whilst most of the explanations have dealt with 
asynchronism of the closure of the aortic and pulmonary valves, Obrastzow® 
(1905) states it indicates the beginning of cardiac degeneration, and Core^ 
(1912), dealing with mitral stenosis, suggests that audibility of the opening of 
the, mitral valves is an explanation of double second sounds. Lian® (1934) 
says that reduplication of the second sound and the third heart sound are 
two distinct phenomena; White® (1939) associates accentuation of the third 
heart sound with exercise and dilatation of the left ventricle, whilst Sabathie’® 
(1938) refers to respiration, hypertension, and ventricular asynchronism as 
being important factors. One of the objects of this paper is to try to prove 
that reduplication after exercise is never of the second sound, but always of the 
first sound, and that it is due to asjoichronism of ventricular contractions 
brought on by dilatation of the right ventricle. 

relationship of youth and reduplicated sound 

0 

I (1940) have described elsewhere the systematic examination of the 
hearts of young subjects in the presence of other doctors, who can confirm 
the results. Briefly, the subjects consisted of a group of seventeen children 
between the ages of 6 and 8 years, a group of nine children between the ages 

From the Research Department, London University, Thomas Smythe Hughes grant. 
Previous articles of this series were published in Practitioner, September, 1940, and 
Medical World, February, 1942. 
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of 8 and 10 years, and a group of twenty children between the ages of 10 and 12 
years. Subsequently a group of EJl.F. recruits were examined at Halton; 
nine were nonathletic, untrained recruits and twenty-two had undergone mild 
training. Lastly, a group of twenty-one Home Guards were examined. 

On analysis I found that 72 per cent of children between the ages of 6 and 
12 years have reduplication of sounds either at rest or after exercise. In boy 
cadets between the ages of 14 and 20 years, 29 per cent had reduplication 
either at rest or after exercise. In E.A.F. recruits between the ages of 17 and 
39 years, who had only mild training, the percentage had dropped to 19 per 
cent. Finally, among the Home Guards, after the age of 40 years, the per- 
centage had dropped to nil. 

I am of the opinion that, provided the exercise be severe enough, a change 
of rhythm can be induced in the hearts of most children under the age of 
10 years. 

Reduplication of First Sound After Exercise. — ^As already mentioned the 
hearts were examined in the presence of other doctors. I was puzzled by the 
fact that they were unable to hear the reduplication and to confirm my findings, 
until I noticed that they listened at the base, whereas I unconsciously listened 
over the apex. I afterwards found that I myself was unable to pick up the 
reduplication at the base. 


Systole 

1 Diastole 


Diastole 


LUP 


LUP 

DUP 

Normal rhythm at 
rest 

LUP 

DUP lup 

LUP 

DUP lup 


1 

2 r 
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2 r 


Inp LUP 

DUP 

lup LUP 

DUP 

Group 2 after 

r 1 

2 

r 1 

2 

exercise 


Flgr. 1. — ^Diagram showing position of reduplication of first sound in cycle In the two 
groups after exercise, r, reduplicated sound. 


Let us consider the heart sounds from an onomatopoeic standpoint (Lup 
being the first sound and Dup being the second sound). On lying do^vn, im- 
mediately after exercise, not only is a reduplication noticeable, but more often 
than not, a systolic “whiff" can be heard sjuichronizing with the Lup, or first 
sound. The other two sounds nail therefore be the true second sound and the 
reduplicated sound (but not necessarily in that order). Having identified these 
sounds, if the stethoscope be then slowly slid, without lifting, from apex to base, 
it will be found that the reduplicated sound becomes more and more indistinct 
and disappears as the base is approached. The true second sound, on the other 
hand, becomes more and more audible and distinct towards the base. Although 
I -and others have searched sj’stematically on innumerable occasions, we have 
never yet been able to hear two distinct Dups at the base, as a result of exercise 
in these young hearts. I have come to the conclusion that wTuit I had previously 
deemed to he a reduplicated second sound, is in fact reduplication of the first 
sound, and that it is a ventricular phenomenon, and has nothing to do with the 
second sound. 

- . , La certain boxers who have broken dovm in training, it has been found, 
after a period of rest, that the rhythm has changed from Group 1 to Group 2, 
only to change back again after resumption of training. 

.In .short the sounds after exercise are Lup Dup lup or lup Lup Dup never 
Lup. blip dup. - Tables I, H,’and IH should suffice for purposes of comparing 
and contrasting the old and the young. 
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These and other tables show that reduplication can easily he induced in 
young.people; that the younger the subject the more easily it can be induced ; 
that it can be brought on by exercise; that it becomes more noticeable on 
lying, but, on the other hand, when the subject is in the knee-elbow or prone 
position, or in the erect position, it becomes more indistinct. The reduplication 
should be sought for most diligently and carefully during the first few beats 
after exercise, for like the presystolic murmur of early mitral stenosis it may 
be evanescent and elusive. 

Bilatation of the Heart After Exercise . — Thirty teleroentgenograms of the 
hearts of children were taken immediately before and after exercise. These were 
traced and charted. The charts were measured by means of an instrument 



Fie. 2. ' Fie. 3. 


Fie. 2. — Chart of Public School boy boxer, aecd 16 years, heavy weieht. Area: 23.08 
square inches. 

Fie. 3. — Chart of Canadian champion, aecd 20 years, featherweight. Area: 22.87 square 
inches. 


Table I 


AGE 

(YRS.) 

REDUPLICATION 

ON LYING ^ 

REDUPLICATION 

ON LYING 
AFTER EXERCISE 

1 REDUPLICATION 
STANDING AND 

1 PRONE POSITION ' 

DURATION AFTER 
EXERCISE 

7 

0 

0 

0 

0 . 

7 

0 

+ 

0 

Disappeared in 30 
seconds 

6 

+ 

\ 

+ 

+ 

Persisted indefinitely in 
recumbent position 

. '7 

+ 

+ 

0 

Persisted indefinitely in 
recumbent position 

7 

6 

4- 

0 

Disappeared in 30 
seconds 

7 

0 

+ 

0 • 

Disappeared in 20 
seconds 

■ 7 ' 

• 0 

+ 

0 

Disappeared in 30 
seconds 

7 

0 


0 

Disappeared in 30 • 
seconds ' 

9 

0 

+ 

, 0 

Present for first few 
beats only , ‘ 

,9 

Waxing and 
waning with 

+ 

0 

Waxing and waning 
with respiration 


respiration 



indefinitely 










400 . ' ; AMERICAN- HEART .lOURKAL ' ' , 

known as a 'planimeUr, and the sectional areas in square inches were calculated 
do-wn to two decimal places. The increase in the sectional area after exercise 
was found to he 8.75 per cent. (The subjects each did fifty skips.) Other 
interesting figure's were obtained, as for example the heart of a child increases 
by about I square inch per year (some of these children have been x-rayed at 
yearly intervals). The area of the heart of a child of 10 yeai-s is, on the aver- 
age, about 12 square inches, -whereas the area of the heart of a boxer aged 
22 years averages about 22 square inches. The heart of Kilrain, an old cham- 
pion, agM 75 years, who fought Fitzsimmons, was 28.07 inches (Pig. 5). 

That the right side of the heart is the first to dilate after exercise can be 
showTi as follows. Each diagram Avas divided by a median vertical line run- 
ning down the vertebral spines (Pigs. 2, 3, 4, and 5). In this Avay a constant 
di-vision of the heart into light and left sides was obtained, and it was found 
that the areas of the right sides of these hearts after exercise had increased by 



Fifr. 4. Fit'. 5. 

Fiff. 4. — Chart of Englisli champion, aged 35 years, middle weight. Area: 24.10 square 
inches. 

Fig. 5. — Chart of Australian champion, aged 75 years, heavy weight. .Area: 28.07 square 
inche.c. Note how pattern changes to left in the last subject. 


Table II 


AGE 

f'iT.S.) 

r.EDUPLlCATlOK 
ON* LYING 

KEDU'PI.ICATION 

ON LYING 
AFTER EXERCI.se 

REDUPLICATION 

st.anding and 

PRONE POSITION 

DURATION 

AFTER 

exerclse 

10 

0 

X 

0 

OewLsional after deep 
re.spirafioD 

10. 

0 

0 

0 

■ , 0 

12 

0 

0 

0 

0 

11 

+ 

+ 

0 

Per.'ii.stcd indefinitely in 
recumbent position 

10 

+ 

Jg. 

0 

Persisted indefinitelj* in 
recumbent po.sition 

11 

0 

0 

0 

0 .. 

10 

+ 

+ 

0 

Pfr.sistcd indefinitely in 
recumbent position 

12 

0 

0 

0 

0 

11 

11 

0 

•f 

0 

+ 

0 

0 

0 

Persisted indefinitely in 
recumbent position 
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14.30 per cent. When this figure is compared Avith the percentage increase of 
the heart as a Avhole, 8.75 per cent, it seems probable that dilatation of these 
young hearts, after 'exercise, is largely, if not entirely, due to right-sided 
dilatation. This is in agreement with Eoy and Adami’s concept of the heart 
and its walls as those of a sphere or spheroid, and the laAv of strain upon the 
Avails of a spheroid. Just as the thinnest part of a football bladder or tire is 
the first to bulge on increase of pressure, so the right side of the heart is the 
first to dilate as a result of intracardiac pressure, for the Avails of the left 
Amntriele are three times the thickness of the right ventricle. This dilatation 
of the right Amntricle is the reason reduplication is brought on by exercise in 
these young hearts, and, furthermore, it is also my opinion that the association 
of reduplication (triple rhythm) Avith mitral stenosis is due to the same cause, 
namely dilatation of the right side of the heart. In short, reduplication of the 
first sound is always an indication of the dilatation of the right side of the 
heart A\diether it be in disease or after exercise. 



Fie- 6 Fig. 7. 

Fig. 6. — Lying on left side, heart moves to the left. 

Fig. 7. — Lying on right side, heart moves to the right. 


The Effect of Posture on the Position of the Heart in the Thorax . — ^By 
means of a platform, subjects Avere x-rayed in various postures: lying on the 
left side, lying on the right side, suspended head doAATiAvards, and in erect, prone, 
and supine positions. The heart’s position Avas found to vaiy AAdth posture, e.g., 
Avhen Ijdng on the left side the heart falls toAvards the left, Atdien lying on the 

l\ABhE Iir. Home Guard 




REDUPIjICATIOK 

REDUPLICATION 

DURATION 

AGE 1 

REDUPhlCATlON 

OK LYING 

STANDING AND 

AFTER 

(YRS.) 

OK TA'IKG 

AFTER EXERCISE 

PRONE POSITION 

EXERCISE 

47 

0 

0 

0 

0 

42 

0 

0 

0 

0 

43 

0 

0 

0 

0 

48 

0 

0 

0 

0 

47 

0 

0 

0 

0 . 

42 

0 

0 

0 

0 

54 

0 

0 

0 

0 

48 

0 

0 

0 

0 

46 

0 

0 

0 

0 


49 0 0 0 0 
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fight side, the heart moves to the fight, *when standing on, the head it moves 

; downwards, dragging pii the diaphragm (Figs. 6, 7, 8, and 9). 

, I hope later to demonstrate not only the effects of gravity on the position 
of the heart in the thof ax and the way -this varies with different postures, but, 
' also to show that, to, some extent, it rotates on its axis; this is quite feasible, 
since the heart is comparatively loosely suspended in the thorax and peri- 
cardium, and even the fibrous pericardium is largely interspersed \yith elastic 
fibers. ' 



FJg-. 8. ■ Fig. D. 


Fig. 8. — standing on head, heart moves downward, dragging on the diaphragm. 
Fig. 9.— N’ormal erect i>dsItion. 


The Audibility of Murmurs . — ^The audibility of a murmur, reduplication, or 
other cardiac sound varies with the proximity of the chest piece of the stetho- 




seope -to the source of origin of such murmur or reduplication. For example, 
the presystolic murmur of mitral stenosis is more audible on Ijdng on the left 
side than when lying on the right, because the chest piece is nearer to the left 
side of the heart. The diastolic murmur of aortic regurgitation is more easily 
picked up in the prone position, or when the patient leans forward, because 
gravity causes the heart to more nearly approach the chest piece of the stetho- 


scope. The approximation of the chest wall to the heart is the reason a sys- 
tolic murmur is loudest at the end of expiration, and the presumption that, if a 
murmur disappear during the inspiratory phase, it must be innocent, is unsafe. 


Diastolic Murmurs . — ^Not only have I had the opportunity of investigating 
diastolic murmurs in children suspended head do\vnward, but I have also been 
fortunate enough to study the murmur in a gymnast suffering from double 
. aortic disease. He could balance himself on his head for an indefinite period. 


My previously conceived ideas on the subject have changed. I had in the past 
assumed that the diastolic murmur of aortic regurgitation was influenced by 
gravity, but, on examining the subjects suspended head downwards, it was 


found that there was no difference in the audibility of the murmurs as com- 
pared with the erect position. I have come to the conclusion that the mecha- 
nism of the aortic diastolic murmur is that of backward suction; hence, it is 
well heard along the right border of the sternum as low as the cardiac impulse. 


LE^^IS: recruit’s heart 


453 


Diastolic murmurs are higher in pitch than systolic murmurs. Further- 
more, the murmurs can be artificially produced bj’- 'squeezing the bulb of a 
syringe it will be found that the same rule applies — the murmur of relaxation 
is higher pitched than that which accompanies the squeeze. A point worthy 
of emphasis is that the subject with aortic disease could stand on his head for 
a much longer period than subjects ■who were used as controls ; the latter soon 
became distressed complaining of buzzing in the ears and fullness in the head, 
whereas the former could remain balanced for a long period without apparent 
discomfort. 



Fiff. 10. Fig. 11. 

Fig. 10. — Prone. Area: 31.40 square inches. 

Pig. 11. — Supine. Area: 33.80 square inches. Note how the median vertebral line shows 
that the heart has rotated on its axis, and how the sectional area has changed from 31.40 
square Inches to 33.80 square inches. The area of this particular heart in the erect position 
was 27.95 square inches. 


Why is the reduplication more audible on lying? In the upright position 
the right ventricle lies between the sternum and the left ventricle, and only a 
very narrow strip of the left ventricle is concerned with the anterior surface 
of the heart. In the supine position, especially after dilatation, the etfects of 
gra'nty make this relationship still more slender, and moreover this can be 
demonstrated by teleroentgenograms taken in the prone and supine positions, 
for, not only do the sectional areas of the hearts vary wdth change of positions, 
but the median vertical line shows that the heart, as a result of gravity, 
rotates on its axis. In the supine position the heavy left side sinks still further 
from the chest wmll into the thorax, its place being taken by the lighter right 
side, which comes nearer the chest wmll. This is even more marked when the 
right ventricle is dilated as a result of exercise in these young hearts (Figs. 
10 and 11). 

In other words in the supine positiqn the right ventricle more nearly 
approaches the chest piece of the stethoscope than in the prone or knee-elbow 
position, and this explains why reduplication can be so easily picked up in 
the supine position as compared with the knee-elbow or prone position. This 
follows the law of floating spheres, i.e., w^hen unevenly weighted, the lightest 
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part comes to the surface. (It is "n^eli known that changes in the electrical axis 
occur with change in hody position.) 

■ Heart Strain .— influence of sudden, violent, or unduly prolonged exer- 
tion has been well described by AUbutt.'^ During tlie last twenty years or so it 
has become the fashion to assume that the healthy heart cannot be harmed by 
mere physical strain. I am credited -with ha-vdng examined more hearts of vari- 
ous athletes (swimmers, cyclists, weight-lifters, boxers, football playeis, nmners, 
etc.) than anyone else in this country, and I have given elsewhere examples of 
hearts of champion athletes which have been damaged by strain and strain alone; 
no other cause could be found. If the heart of a champion breaks dovni, who is 
there to prove whether or not that heart was healthy at the commencement of his 
athletic career? At any rate, these hearts were healthy enough to enable these 
particular athletes to attain championship class. The only perfect heart that I 
can envisage is one kept beating in a glass case, free from the wtiation and 
\dcissitudes of life. 

For convenience let us dimde heart strain into (a) mild heart strain, (b) 
moderate heart strain, and (c) severe heart strain. 


Table TV. Boxebs’ Heaets; Bate of Pdlse Bei'oee axd After Coming Get of Emo 

(March 22, 3943) 



PULSE BEFORE 
ENTERING RING 

PULSE AFTER 3 ROUNBS 

ON RELVCHING 
DRESSING ROOil 

PULSE 5 MINUTES 
LATER 

1 

84 

ISO 

120 

2 

92 

190 

160 

3 

84 

146 

120 

4 

120 

184 

160 


92 

128 

88 

6 

100 

196 

166 

7 

104 

192 

140 

8 

92 

192 

128 

9 

96 

168 

80 

10 

104 

140 

120 

11 

88 

112 

110 

12 

68 

140 

90 

13 

88 

112 

160 

14' 

88 


100 

15 

76 

140 

110 

10 

120 • 

176 

140 


♦Knocked out after second round. Incidentally, immediately after the knock out, the 
pupils and knee jerks -were found to be unequal. 


a. Miniinnm Heart Strain; As has already been showm, a mild strain of 
onij’- fifty skips increases the sectional areas of the heai’t by 8.75 per cent. In 
very young hearts dilatation is even brought about by taking a few deep breaths 
or by mere change from the upright to the recumbent posture. 

b. Moderate Heart Sti'ain: The pulse rates and blood pressures of a num- 
ber of sendee boxers taldng part in tliree two-minute rounds were taken, and tlic 
results can be seen in Tables R'' and V. Tliere was a vast increase in both the 
pulse rates and the blood pressures at the end of the contests. On the other 
hand there was a slight decrease in the average diastolic pre.ssurc on reaching 
the dressing room, and indeed I have found that the diastolic pressures of 
champion weight-lifters are lower after the “lift” than at rest. It "will be 
realized that there is an enormous strain on the heart even after only three 
two-minute rounds and that the effect on some hearts is greater than on others 
(Tables IV and Y)- 

c. Severe Heart Strain: The folloiving case® demonstrates the effect of 
severe heart strain. 

. •TiiC notes of thi.« case %ycrc kindly given to me by Dr. Ewart Evans of nirmingham. 
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Table V. Boxers Blood Pressures; The Blood Pressures Before Entering the Ring 

AND IMSIEDIATELY ON REACHING DRESSING EOOJI AFTER PlGHTING 

Three Two-Minute Rounds 
(March 28, 1943) 



BEFORE 

SYSTOLIC 

ENTERING BING 

DIASTOLIC 

AFTER REACHING DRESSING ROOJI 
SYSTOLIC - DIASTOLIC 

1 

145 

85 

180 

80 

2 

140 

82 

188 

70 

O 

O 

145 

82 

180 

80 

4 

128 

80 

150 

60 

5 

140 

80 

150 

75 

G 

160 

GO 






not 

taken 

r* 

i 

no 

SO 

180 

70 

S 

152 

82 

145 

78 

9 

145 

82 

190 

90 

10 

150 

80 

140 

70 

11 

128 

80 

140 

70 

12 

158 

88 

165 

80 

13 

130 

80 

140 

70 

14 

160 

80 

165 

80 

15 

160 

82 

180 

80 


Before entering the ring the average systolic pressure was 1-13, and the average diastolic 
pressure was 79. 

After reaching dressing room the average systolic pressure was 164, and the average 
diastolic pressure was 75. 

It has also been found that the diastolic pre.ssures of champion weight-lifters are lower 
.after the ‘lift” than at rest. 

•Average age, 22 years. 

"T. W. (male) aged 27 years, .solicitor, very healthy, stockily built type. No pre- 
vious history of any illness. Played a very strenuous and hard fought game of ‘Rugby 
Pootball.’ Position — stand off half. A few minutes after the termination of the game 
he died. 

“Autopsy, the same evening — showed dilatation of right heart, left ventricle in a state 
of spasm. I know that his heart was of normal size, and state, and that there were no mur- 
murs or any signs suggesting any cardiac lesion before tlie game. ’ ’ 

This ease is noteworthy, and should be historic, for seldom, if ever, can 
there have been so little time lost in performing a post-mortem examination. 
Not only was dilatation of the right heart discovered, but also the left ventricle 
was still in a state of spasm. The post-mortem findings bear a striking resem- 
blance to those found in thiamine deficient dogs: right auricle and ventricle 
dilated and the left ventricle in apparent contraction.^^ It is also one more link 
in the chain of evidence that it is the right side which first beai’s the brunt after 
- strain. 

I can recall two further instances of severe heart strain which have come 
under my personal care; they are worthy of comment if not of emphasis. A 
French marathon runner, after finishing the course from Windsor to London, 
had complete heart block for twelve hours. I also examined Hood on the night 
he died at the National Sporting Club; after winning every round up to the 
seventeenth, he fell dovTi unconscious, not from a blow, and never recovered. 

I have elsewhere referred more fully to these and other examples of the 
effect of severe strain on the heart. 

Training . — Cardiac endurance is measured by the ability of a heart to resist 
dilatation, and its ability to regain its former volume after dilatation. Grad- 
ual training brings this about by gradually increasing the tonus of the heart 
muscle. Roy and Adami’s^^ law states : “the strain upon the walls of a sphere 
or spheroid increases "with its circumference, and therefore, the resistance to 
contraction of the heart wall is increased whenever it becomes dilated”; i.e., 
the more a heart is dilated the more difficult it is for it to regain its former 
volume. The danger of sudden muscular effort is to produce transitory dilata- 
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tion of the heart and when these sudden muscular effoi’ts become frequent, a 
permanent dilatation ensues, as Lord Horder,“ in a personal communication, 
pithily suggests, “repeated ventricular stretching must spell harm eventually.” 
If the process of training he gradual and successful, the heart, instead of becom- 
ing permanently dilated, will assume a physiologic hjTpertrophy. It -ivill he 
recklled that reduplication is xcncommon as a result of exercise in the hearts of 
those over the age of 35 years. The heart after that age loses its dilatability and 
elasticity, which explains why it is difficult for a man above this age to recover 
second wind. The heart is like an engine, acceleration and deceleration should 
be gradual. It was noticeable that Lovelock and other great athletes, at the 
finish of a grueling race, continued for another lap, gradually decelerating ; cer- 
tain greyhounds, e.g,, hlick the Miller, instinctively acquired the same knack. 
An athlete should not retire from games suddenljL Professional golfers live 
longer as a class than professional football players and boxers, for too many of 
the latter give up exercise suddenly in favor of sedentary occupations such as 
hotelkeeping. 

Stitch in Side and Second Wind . — ^A certain number of recruits invariably 
fall out, during the course of a march, complaining of pain in the side, some- 
times one side, sometimes the other. In my experience the most common 
location of pain is in the left hypochondrium. 

I have devoted a considerable amount of time to the study of stitch and 
second wind, questioning numerous and various athletes, runners, rowers, 
boxers, swimmers, etc., and I have come to the conclusion that there are two 
kinds of “stitch”: (1) superficial, and (2) deep. 

The former has been well described by Capps,^^ in 1941, and in the main I 
cannot cavil with his theory that it is due to anoxemia or ischemia of the 
diaphragmatic muscle. I would like to add that spitting has been found by 
generations of schoolboys to be a useful factor for giving relief. It was an' 
added ritual that one must lift a stone, spit on it, and replace it on the same 
spot. This was eonsidei’ed to be an infallible panacea, though I have no doubt 
that the temporary rest and the bending over were the true reasons for the 
relief of the pain. 

The deep stitch is also due to ischemia; it is dull in character, a sense of 
constriction or pressure, constant in position in the precordium. It is akin to 
cramp or angina. Jenner,’® in a letter to Heberden, in 1778, first implied the 
connection between ischemia and angina. I am not unmindful of the fact that 
the word ischemia was not then invented, yet the condition itself was well 
kno%vn. The explanation at which I have arrived, as a result of a widfe and 
varied experience of all classes of athletes, is as follows: Sudden and undue 
effort causes the heart to contract \dgorously. The metabolism of the heart, 
when in vigorous action, requires more frequent flushing with blood, than 
when it is quiescent. The forcible contraction interferes temporarily ■with the 
increased needs of the heart. It is a .state of relative ischemia in which the 
coronary arteries do not admit enough blood for sudden and increased effort, 
thus causing pain. The pain is relieved by relaxation of the heart muscula- 
ture, just as relief of cramp in the calf is brought about by flexing the big toe 
(which causes the calf muscles to relax). 

The relaxing of the heart musculature is immediately followed by dimin- 
ished resistance, and the increased intracardiac pressure acting against this 
diminished resistance causes dilatation of the cardiac chambers. The pain 
gradually disappears and the dilated heart develops a new power which 
enables it to complete an extraordinary task, free from pain, just when all 
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seems lost — this is secotxd wind. I had always been aware that certain 

athletes never have a stitch in the side, and never have second "wind; this was 
confirmed by T. the famous vai^ity rowing coach. After an extensive question- 
naire of athletes, I have come to the conclusion that stitch occurs only in those 
who have been injudiciously trained. The successfully trained athlete’s heart 
is a racing machine from the start. 

Danger Signals During Training . — ^The early part of training is important, 
for it is at the beginning that harm may be done. It is sudden strain on a 
sedentary heart that is harmful.' The way individuals differ can be seen in the 
pulses of boxers before and after contests. Therefore I would suggest that 
the present method of submitting all the members of a unit to the same degree 
of training is unwise; it would be much better to subdivide them into cate- 
gories, according to the way they stand training. I will now discuss a few 
danger signals which have appealed to me personally in my association with 
athletes and recruits. 

As adviser to the British "Weight Lifting Olympic Team, I had ample 
chances to study training in all its phases. In weight-lifters it was found that 
a constant pulse rate of 100 or over at rest, a reduplication of sound, and a sen- 
sation of throbbing or pounding in the head on stooping or lying were signals 
that the training for that particular athlete was too severe. I also came to the 
conclusion that no youth under the age of 18 years should go in for cham- 
pionship lifts, and moreover as a result of my examination of I. R., the cham- 
pion woman weight-lifter after brealdng the world’s record, I formed the 
opinion that weight-lifting was quite unsuitable for women athletes. It is 
worthy of comment that this particular athlete had signs of a dilated heart, a 
well-marked systolic murmur, triple rhythm at rest, and poor exercise tolerance. 

The pulse rate of a well-trained athlete is slower than normal, and in this 
connection I can recall a fight for the championship of the world between A 
and B. A had a pulse rate of only 56 half an hour before entering the ring, he 
was quite calm and relaxed, and after fighting furiously for nearly a round his 
pulse rate was only 110 (the fight ended unsatisfactorily towards the end of 
the first round). B on the other hand showed every sign of overtraining (a 
few months before he had been defeated after a punishing fight in America). 
He was fidgety and nervous during my examination; his heart was enlarged; 
a loud systolic murmur and reduplication could be heard at rest. His pulse 
rate was 98 per minute, and on reaching the dressing room his pulse rate was 
found to be 150 per minute. Soon afterwards, he was Imocked out in his last 
fight before retiring for good. Yet, years afterwards, I found his pulse rate to 
be normal, which shows that the heart tends to recover provided the athlete 
slows up in time, 

I fully realize that boxers are keyed up just before a fight to such an 
extent that one would not dare risk taldng their blood pressures just before 
a championship fight, for fear of upsetting them. Yet, when a civilian becomes 
a soldier, a new factor arises, for not only is physical danger lurking near, but 
the specter of death may loom on the horizon. In certain people a central 
focus of fear is present. As a result of intensive and injudicious training such 
a person becomes aware of his heartbeat. The pounding of his heart at. night, 
when alone in bed, prevents sleep ; the condition may be aggravated by showers 
of extra systoles 'which are self-induced. A secret disturbance arises within 
the breast, at first only a tickle, gradually increasing in volume, and it only 
needs a shock to produce the whole psychological gamut and spate of symp- 
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toms known by various names — D.A.H., effort syndrome, eardiac neurosis, et 
cetera. Just like the bolting of a frigh'tened horse or the ruiming down of a 
piece of clockwork without its spring. 

To recapitulate, the danger signals are ; increased rate of pulse, increased 
awareness of the heart beat, reduplication at rest, sensation of throbbing in 
the head when lying or stooping, lassitude, and a tendency to become easily 
puffed. I would suggest that periodic medical inspections should be carried 
out in early training, so as to weed out the weak from the strong and the good 
from the bad, and to give the latter modified trainings In that way I feel con- 
fident that breakdowns would be anticipated, and a large sum Avould be saved 
to the State in pensions. Mnally, no one under the age of 18 years should be 
submitted to severe training. All athletic coaches are agreed on this. ' 

SUMMARY 

Reduplication after exercise is always of the first, and never of the second, 
sound, and reduplication of the first sound is an indication of the dilatation of 
the right ventricle. The right heart is the first to dilate as a result of exercise. 
Teleroentgenograms and accurate diagrams are given showing not only that the 
right side of the heart is the fimt to dilate as a result of exercise, but also the 
average increase. Teleroentgenograms have also -been taken showing that the 
position of the heart in the thorax varies with posture, and the audibility of 
murmurs and reduplication in relationship to this is discussed. A detailed 
description of the pulse rates and blood pressures of boxers before and after 
contests is given. The effect of strain on the heart and its bearing on the train- 
ing of the recruit is also described. 

I must e.xpress my grateful thanks to the War OfBce and the L.C.C, for helpful 
cooperation; to Lord Horder for encouraging advice; to Drs. Parsons Smith and Daniel 
Davies for valuable help; to the x-ray staff of the County Hospital, Haverfordwest; and, 
in particular, to Mr. Weatherby, the radiographer. 
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TBAUMATIC INJURY OP THE HEART 


Incidence of Its Occurrence in Forty-Two Cases of 
Severe AcciDENTAii Bodily Injury 

Louis H. Sigler, M.D. 

Brooklyn, N. Y. 

A lthough immerous isolated cases of trauma of the heart are recorded 
iu the literature, no investigation has, to my loiowledge, been made as to the 
frequencj’- of its occurrence in various accidental injuries of the body. Occa- 
sionalty an author reports a series of several eases of cardiac damage due to 
trauma, but the causal relationship of the damage to the trauma is in manj’- of 
these cases not definitelj’’ proved. Thus, LeinofP reports twent 3 ’'-two eases of 
cardiac' injury resulting from accidents. IMost of these, however, were first 
observed by the author man 5 ’- weeks, months, or even years, after an assumed 
accident, and the diagnosis of cardiac injur.y was based primarily on the history. 
Many of these were undoubted^ eases involving litigation, and the reliability of 
the patient’s history may be questioned. Even if cardiac injury in such series 
of cases can be definitely proved to be due to trauma, they still do not give 
us information as to the frequency of its occurrence in the usual run of 
accidental injuries of the body. 

The first attempt to determine the incidence of cardiac trauma in bodily 
injuries was made by Barber.^ He made electrocardiographic studies in thirty- 
three cases of chest injuries and found that eight of these showed abnormalities 
in the electrocardiogram. He selected only those cases in which the patient 
was less than 45 years of age, to exclude coronary disease as a possible cause for 
abnormal electrocardiographic changes. 

Following my observations on trauma of the heart due to accidental injuries 
of the body in five cases previously reported,® I carried out a cardiac study in 
thirty-nine cases of accidental injuries of the body in which the patients were 
admitted to the surgical wards of the Coney Island Hospital, and in three cases 
from other sources. In addition to these forty-two cases, I observed nine other 
cases in which there was definite evidence of cardiac involvement which, accord- 
ing to the history, was traceable to accidental injury. Inasmuch as these nine 
patients were first observed many weeks or months after the accident, they are 
not included in the series. 

The selection of cases was based on the degree of the accident and the extent 
of bodily injury. The cases were not limited merely to chest injuries, as was 
done by Barber. The reason is that, as has been repeatedly shown by various 
authors, and as I have described before,"* trauma of the heart may occur as a 
result of a blow to any part of the body, provided it is of sufficient violence, 
and its force is transmissible to the heart. I have also included in the series 
individuals over 45 years of age, although coronarj* sclerosis might have been 
present in some. It is a known fact that, as I pointed out before,^ injury to the 
heart caused by a blow may occur more readily and be more severe in individuals 

From the Cardiac Service, Coney Island Hospital. 
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of the older age groups. I made sure, however, that in all eases selected there 
was no history of previous heart disease. In an occasional case where there was 
suspicion that cardiac disease might have been present before, I made sure that 
the patient did not show active symptoms and signs of such disease before the 
accident. Furthermore, only those patients who showed active progressive 
electrocardiographic changes soon after the accident were included. No cases 
were included in which there wei*e static abnormalities in the electrocardiogram 
on repeated examination after the accident. 
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REPORT OP CASES 

Case 1. — A man, aged 41 years, with no previous history of lieart disease, dived into the 
ocean and hit some object in the water. He fractured the right scapula, the left clavicle, the 
anterior part of the left second rib, and the frontal part of the skull extending to the base. 
He showed evidence of marked cerebral involvement. His heart was normal in size. The 
heart sounds were of very poor quality and a short gallop rhythm developed. He died two 
days after admission. The electrocardiograms in Fig. 1 were obtained on the day of the 
accident (A) and on the second day (B). Marked abnormalities are noted' in the QES complex 
and the T wave in both tracings, with progressive changes in configurations. 
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Pigr- 2. — Electrocardiograms in Case 2. A, taken day of accident; B, one week later; and 

Cj two weeks after B, 

Case 2. — ^An 18-year-old male with no history of any previous iUness, jumped down 
the Marine Bridge at a height of about 30 feet. He sustained multiple contusions and 
abrasions of the body and fractures of the felt femur and the right radius. He ultimately 
developed osteomyelitis of the femur and died after nine months of confinement in the hospital. 

Besides the general bodily pains, due to multiple injuries, he complained of precordial 
discomfort. His heart soimds were muffled and split at various times. A short pericardial 
friction rub was heard on the tenth day of admission. A short systolic murmur developed at 
the apex on the seventeenth day, which later disappeared. A short presystolic gallop rhythm 
was present at times. At no time did he show any signs of congestive failure. 

Many electrocardiograms were obtained in his case before osteomyelitis developed. 
Fig. 2 represents three selected tracings illustrating some of the changes in the configurations 
of the complexes. Eecord A was obtained on the day of the accident. There is a large S 
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wave in Lead I, and a tendency to left axis deviation and an abrupt QES-T takeoff with a 
markedly negative T wave in Lead III. Record B was obtained one week later. The S wave 
in Lead I is of lower voltage and broadened, while the T wave is markedly exaggerated. In 
Lead H the E wave is of lower voltage and the E-T segment is rounded. In Lead IH the 
QRS complex is of lower voltage and the T wave is less negative. In Lead IVP, the S wave is 
of lower voltage and broadened, and the S-T segment is very abrupt. Record C was obtained 
two weeks after B. At this time there is a greater degree of left axis deviation with dimin- 
ished voltage of the T wave in Leads I, H, and IVP. The T wave in Lead in is diphasic. 

Ca.<3E 3. — A man, aged 40 years, was struck by an automobile and sustained fracture.s of 
the left radius and ulna, the right radius, the right tibia and fibula, the left fourth rib in 
the midaxillary line, and the acromium process of the left scapula. He had general bodily con- 
tusions and abrasions. In addition to generalized pains, he complained of precordial pain the 
first few days. His heart was not enlarged, but the first sound was diminished in intensity 
from time to time during the first two weeks. He recovered completely from all his injuries 
after three months confinement in the hospital. 




Nig. 3. — Electrocardiograms in Ca.se 3. A, B, and C, taken two, fifteen, and eighteen days, 

respcctivelj, after the accident. 


Many electrocardiograms were obtained in Iiis case, three of which are shown in Pig. 3. 
Record A was obtained two daj-s after the accident. It is witliin normal limits. There is a 
large U wave present, shown particularly in Lead II. Record B was obtained fifteen dajs 
after the accident. The voltage of the E wave in all leads, especially in the third, is much 
lower, the E-T segment is rounded in all leads and elevated in Leads II, HI, and IVP, and the 
T wave is of higher voltage in all leads, being positive instead of negative in Ivcad HI. 
Record C was obtained eighteen days after the accident. The tracing is similar to that of 
Record A except that the T wave is of higher voltage in Leads I and II, positive in Lead III, 
and both the QRS complex and T w.ave arc of much higher voltage in Lead IVP. The U 
wave is absent in all lends. Sub-equent tracings obtained on him sliovred no further changes. 
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4.— A man, aged 44 . years, who was always well, was struck by ji/car And sustained 
fractures. of tbe right tibia and fibula, multiple fractures of the pehas, fra^farcs';nf the right 
fifth and sixth ribs in the midaxillary line and contusions and abrasions pi tfi^body-. He 
completely recovered after thirty-two days’ stay in the hospital. There were nd sj-mptoms 
or abnormal physical signs of heart involvement. , „ 

, ' . ■ . ■ . . ■ ' ' ; ■ ■ 



A. 



B. 

Fiff. 6. — TclcrocntgcnoKrams In Case 6. A and B, taJ:cn one and nine days, rcspcctlvdy'. After 
the accident. Arrows point to the cd^o of the compre-ssed lung by the pneumothorax. 
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The electrocardiogram (Fig. 4, A) was obtained several hours after the accident. The 
T wave is of low voltage in Lead I, almost isoelectric in Lead II, negative in Lead TTT , and of 
very low voltage, diphasic, in Lead LirP, Fig. 4, B, was obtained two days after the accident. 
The QES complex is of higher voltage ia Leads H, III, and IVF. The T wave is of higher 
voltage in Leads I, IT, and IVF. Fig. 4, C, was obtained twenty daj-s after the ac- 
cident. Its appearance is the same as in B except that the QES complex in Leads II, 
m, and IVF is now of the same voltage as in the corresponding leads in A, The relatively 
low voltage E wave in Lead I m this case is due to a longitudinally shaped heart which he 
presented. 
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Fig. 7. — ^Electrocardiogram in Case 6. 


Case 5 . — A woman, aged 49 years, was struck by a car and sustained contusions and 
abrasions of 'the body and lacerations of the face. There were no fractures of bones. She 
complained of general bodily pains and marked precordial oppression. There was tenderness 
over the left upper anterior chest. The size of the heart was normal, and the rhythm was 
regular, but the first sound was very short and of valvular quality. A faint systolic murmur 
was heard over the apex during the first two days. Tlie heart sounds returned to normal after 
several days. 

Fig. 5, A, depicts her electrocardiogram one day after the accident. It shows merely 
left axis deviation. Fig. 5, B, was obtained four days after the accident. The T wave in 
Lead I is of lower voltage. In Lead rv^, the P wave is negative, the E wave is of low 
voltage and markedly notched, the S wave is almost absent, the S-T segment is coved, and the 
T is negative. Fig. 5, C, was obtained six days after the accident. The E wave in Lead I is 
of lower voltage, the QES complex in Lead II is multiphasic and of much lower voltage, and 
the appearance of the, ventricular complexes differs from these of A and B. 

Case 6. — ^A man, aged 36 years was struck by an automobile and was brought to the 
hospital in a stuporous condition. He showed marked contusions and abrasions of the body. 
An x-ray- film of his chest one day later (Fig. 6, A) shows right pneumothorax with collapse 
of about one-third of the right lung. The heart and mediastinum are deviated to the left. 
There are no fractures of any of the bones of the chest. In an x-ray film taken eight days 
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later (Mg. Q, B), the pneumothorax is slightly less marked. The heart sounds were of poor 
quality,, and a short systolic murmur was heard over the aortic area. 

Electrocardiograms, obtained on the second, third, fourth, fifth, and ninth day after 
the accident were alike, without progressive alterations; one is shown in Fig. 7. The low 
voltage ventricular complexes in Lead I are probably due to shift of the heart to the left, 
although the possibility that it may be due to structural damage of the heart is to be con- 
sidered. 

Case 7. — A girl, aged 19 years, was thrown off the running board of a fast moving 
automobile. She sustained multiple contusions and lacerations of the body and a fracture of 
the skull. She made a complete recovery after a stay in the hospital of about ten weeks. Her 
heart showed no detectable abnormalities the first eight days. On the ninth day, she developed 
a loud systolic murmur between the third and fourth intercostal spaces, close to the sternum, 
and the heart rate increased from 72 per minute, in the recumbent posture, to 125, when she 
attempted to sit up. She had no subjective complaints referable to the heart. The murmur 
disappeared entirely after ten days. 


3 ■ . C 



pjg-. 10 . — Electrocardiograms in Case 9. A, B, and C, taken two, four, and eleven days, 

respectively, after the accident. 

In Pig. 8, A, B, and C, are three electrocardiograms obtained one, four, and twenty days, 
respectively, after the accident. In A the QRS complex in Lead IVF is of low voltage. La 
B tho^QIlS and T waves in Lead I are of lower voltage than in A, while those of the other 
leads are* of higher voltage than before. In G the findings are practically the same as in A. 

Case 8. — A woman, aged 62 years, was hit by an automobile and was thrown to the 
ground. She sustained a fracture of the left femur and marked contusions of the body 
especially the left side of the chest. No ribs were fractured. Her heart was slightly enlarged, 
the first sound was somewhat diminished in intensity, and the second sound at the aortic area 
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■was accentuated. There was a rough systolic murmur over the aortic area, transmitted over a 
fairly large area, which was undoubtedly present before the accident and indicated pathologic 
changes of the aorta. Her blood pressure measured 200/100. She had moderate peripheral 
arteriosclerosis and the x-ray examination showed calcification of the abdominal portion of the 
aorta. She undoubtedly had considerable coronary sclerosis with myocardial damage before 
the accident. 

Fig. 9, A, is a tracing obtained from her soon after the accident. The T wave in Leads 
I and rVF is of low voltage, and there is some depression of the E-T segment in the latter 
lead. Fig. 9, B, was obtained two days later. The voltage of the QES complex in Lead I is 
higher, wHle in the other leads it is lower, than in A. There is some depression of the E-T 
segment in Lead I. The T wave is of lower voltage in Lead IT, higher in Lead HI, and 
lower in Lead FVF. Fig. 9, G, obtained four days after the accident, shows further changes, 
especially in Lead FVF, which now approaches a more or less normal appearance. The general 
appearance of the three leads is approximately the same as the corresponding leads in 9, A. 
Fig. 9, D, obtained six days after the accident, is about the same as 9, C, except for a some- 
what higher voltage T wave in Leads II and III and the presence of a fairly large Q wave 
in Lead HI. 



Tig, II. — Electrocardiograms In Case 10. A, B, O, and D, taken twelve, twenty, twenty-eight, 
and thirty-six days, respectively, after the accident. 

Ca.se 9. — A man, aged C7 years, fell on the ground and sustained a fracture of the left 
humerus, the left third, fourth, and fifth ribs, and contusions of the chest. He complained of 
pain in the injured area®, but there wore no symptoms referable to the heart. Ho recovered 
completely. His heart was enlarged, and the sounds -were of the type often heard in cases 
of bundle brancli block. There was moderate congestion at the bases of the lunge. He had 
marked generalized arteriosclerosis. 

An electrocardiogram (Fig. 10, A) was obtained two days after the accident. It shows 
left bundle branch block. Fig. 10, B, four days after the accident, still shows left bundle 
branch block, but some changes arc noted in the configuration of the complexes, especially in 
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Lead II. Fig. 10, C, eleven daj's after the accident, shows further changes in the configura- 
tion of the ventricular complexes ; left bundle branch block is still present. The bundle branch 
block probably existed before the accident, but the changes in the appearance of .the complexes 
from time to time assume significance in indicating acute alterations in intraventricular con- 
duction. 

Case 10. — A- male, laborer, aged 51 years was excavating a ditch and was buried up to 
his neck by a heavy bank of ground which caved in. He sustained fractures of the pelvis and 
the free costal cartilages of the left ninth, tenth, and eleventh ribs. A day later, he began to 
experience retrosternal pain, radiating to the left shoulder, with choking sensation and a feel- 
ing of suffocation. Tliis continued with greater or less severity for many weeks. His heart 
was not enlarged, and the sounds were accentuated. No murmurs were audible.' An electro- 
cardiogram, twelve days after the accident (Fig. 11^ A), sliows a low voltage T wave in all 
standard leads and a peculiar triphasic T wave in Lead lA^F. Twenty days after the accident 
(Fig. 11, B), the T wave is isoelectric iii Lead I, more positive in Leads'll and III, and 
markedly negative in Lead IVF. T\venty-eight days after the accident (Fig. 11, C), the T 
wave in Leads I and IVF is positive but of low voltage, while in Leads II and III it remain.^ 
the same. Thirty-six days after the accident (Fig. 11, D), the T wave is of higher voltage 
in Leads I and I'VE'. 



Fig:. 12. — Electrocardiograms in Case 11. A, taken one and one-half years before the accident; 

B and C, six days and seven weeks, respectively, after the accident. 

Ca.se 11. — A male physician, aged 4G years, while driving his car, collided head-on with 
another ear and was thrown against the steering wheel. He sustained fractures of the second 
to the sixth right ribs at the costochondral junction with displacement. The angle of Louis 
became exaggerated, but there was no demonstrable fractures of the sternum. There wa.s 
little shock but some pain was present in the sternal region on breathing or on moving around. 
He was admitted to a hospital where he stayed ten days. At the end of this time he felt well 
enough to return to his practice. "Wliile in the hospital, the heart sounds, as recorded by his 
attending physician, were normal, and repeated examinations failed to reveal any murmurs. 
An electrocardiogram he had obtained about one and one-half years before the accident (Fig. 
12, A) shows a tendency toward left axis deviation. One obtained six days after the accident 
(Fig. 12, B) shows a definitely lower voltage T wave in all leads. Another tracing obtained 
about seven weeks after the accident (Fig. 12, G) is the same as the one before the accident. 

About three weeks after the accident a loud systolic murmur was heard throughout the 
precordiura by several physicians who examined liim. I saw him for the first time about seven 
months after the accident when he presented a harsh systolic murmur occupying almost the 
entire systolic period with its maximum intensity at the third left intercostal space, dose to 
the sternum, transmitted throughout the precordiura, as far as the left anterior axillary line 
in the fifth .opace, and upwards as far as the right clavicle. The heart rate was fiti per minute 
and the rhythm Avas regular. The heart sounds were of good quality. 
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Inasmuch as tlie patient lives a great distance away from New York, I had no oppor- 
tunity to observe him further. Frequent communications veceived from him, now near!}- three 
years after the accident, indicate that he is able to continue his practice. He lives a com- 
paratively strenuous life without any undue discomfort. His heart is moderately enlarged to 
compensate for an interventricular septal defect which he evidently developed as a result 
'of the accident. The enlargement is shown in Figs. ISA, 13B, and 13C, obtained about 
thirteen days, seven months, and one year, respectively, after the accident. 



Fig. 13 C. — Teleroentgenogram in Case 11, taken one year after the accident. The figures 

represent the diameter m centimeters. 

DISCUSSION 

It ytU be noted from tlie reideiv of tlie forty-two cases reported Jiere that 
cardiac damage occurs rather frequently in association with the general run of 
accidental bodily injuries, if the blow is of sufficient severity. In the forty-two 
patients, thirty-two, or 76.2 per cent, had demonstrable, cardiac injuiy, either 
clinically or electrocardiographieally or both. Of these thirty-two patients, 
twenty-two had injuries of the chest wall, in addition to other bodily injuries, 
and, in ten others, the chest wall was not injured. Of tiiose with chest-wall 
injuries, fifteen had fractures of one or more ribs and seven others had merely 
contusions and abrasions. If the degree of the blow to the chest can be measured 
by the presence or absence of fractures of rilis, we may assume that the blow 
to the chest in the seven patients without fractures was not marked, and the 
main force that injured the heart was transmitted from other parts of the body. 
In other words, in seventeen eases out of thirty-two with demonstrable cardiac 
injury, the transmitted force producing such injury came either entirely or 
mainly from other parts of the body. 
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- Table I 


CASE 
SEX ! 
AGE i 
(YR.) 

NATURE 

OF 

ACCIDENT 

BODILY INJURIES 

1 ABNORXIALITIES OF HEART 

days 

AFTER 

ACCIDENT 

SYJIPTOMS AND 
ABNORMAL PHYSICAL 
FINDINGS 

ELECTROCARDIOOR.\iIS 

12 

Male 

53 

Struck by 
automobile 

Fracture of 8th, 9th, 
10th, 11th, and 12th 
left ribs in anterior 
axillary line 

1 

2 

4, 7, 9, 
and 12 

Dyspnea, precordial 
pain. Normal find- 
ings 

Same 

Same 

Normal 

Slightly higher voltage 

Same as on second day 

13 

Male 

28 

Struck by bus 

Basal fracture of 
skull, cerebral hem- 
orrhage 

2 

3 

4, a, and 

7 

Nothing abnormal 
Nothing abnormal 
Nothing abnormal 

Left axis deviation 

Less left axis deviation, 
largo QES, and T« 
Same as 2 days after 
accident 

14 

Male 

16 

Fell off truck 
which was | 
running at 
high speed 

Fractured skull, brain 
injury 

Same 

4 

7 

None 

None 

None 

Normal 

Bradycardia, T< much 
higher voltage 

Normal; same as on first 
day 

15 

Male 

59 

i 

Struck by 
automobile 

Comminuted fracture j 
of tibia and fibnla, 
followed by osteo- 
myelitis, septic 
temperature, ampu- 
tation and death 
2% months later 

Same 

2 

6 

None 

i 

Poor first .sound, sys- 
tolic murmur at 
ape.x and pericar- 
dial friction rub at 
apex 

Heart sounds better; 
no rub 

Tendency, left axis 
deviation 

T wave lower voltage in 
all leads 

1 

i 

1 • 

'Same as 2 days after 
accident 

16 

Female 

57 

Struck by 
automobile 

Fractured pelvis,_ con- 
cussion of brain 

19, 20, 20, 
31, and 

38 

Enlarged heart, mark- 
edly diminislied 
first sound, fre- 
quent premature 
contractions, sys- 
tolic at base trans- 
mitted to apex 

Low voltage T„ tendency 

I to left axis deriation, 
ventricular premature 
contraction, later T, 
isoelectric and T, and 
T, low voltage, T, 
negative 

17 

Female 

18 

ThrouTi off car 
at high veloc- 
ity in amuse- 
ment place 

1 

Severe body injuries, 
fracture right 11th 
and 12th ribs, rup- 
ture right kidney, 
liver injury, frac- 
ture right radius 

■ 

Short gallop apex, 
systolic murmur 
over pulmonic area 
Same 

None 

T, isoelectric, T; and T, 
slightly diphasic, T, 
negative 

T, slightly positive 
Normal 

18 

Male 

SO 

Fell from sec- 
ond-story 
window 

Fractured skull and 
multiple fractures 
left 3rd, 4th, and 
5th ribs and left 
cla%'iclc, shock 

Same 

2 

12 

Muffled, soft first 
sound, shock 
Precordial pain, 
muffled sounds 
Sounds better quality 

T, low voltage, T, 
diphasic 

Very low voltage T, all 

R-T, and R-T, elevated, 
T waves normal in all 
le.ads 

19 

Female 

40 

Struck by au- 
tomobile 

! 

Multiple fractures of 
pelvis, body con- 
tusions , 

1 

4 

G 

18 

None 

Epigastric and retro- ' 
sternal pain, 2 days 
Same 

None 

Normal 

T, and T, negative, 
changes in voltage of 
QKS 

T, and T- lower, % iso- 
electric, T, 

Slightly positive. Nor- 
mal 

EO 

Female 

70 

Thrown to 
ground by 
bicycle 

i 

Fractured right 
radius and ulna 

i 

1 

8 ; 

14 ■ 

None 

None 

None i 

Normal 

Higher voltage in Loads 
I, IT, and n^F 

Still higher voltage in 
Lflads I, 11, and HI; 
lower IVF 
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Table I — Cont’d 


CASE 

SEX 

AGE 

(YR.) 

XATURE 

OF 

ACCIDENT 

BODILY INJURIES 

1 ABNORMALITIES OF HEART 

DAYS 

AFTER 

ACCIDENT 

SYMPTOMS AND 
ABNORMAL PHYSICAL 
FINDINGS 

electrocardiograms 

21 

Male 

58 

Struck by 
automobile 

Fracture of left tibia 
and fibula and 5th 
to 7th left ribs 

1 

10 

20 

None 

None 

None 

Normal 

Lower voltage QES with 
rounding of E-T seg- 
ment, all leads 

Normal, same as one day 
after accident 

22 

Mule 

Si/2 

Fell from a 
height of 12 
feet, striking 
wooden fence 

Laceration and large 
hematoma of liver 
at surgical opera- 
tion 

8 

10 

None 

None 

None 

Ti lower voltage 

23 

Male 

28. 

Struck by 
automobile 

Contusions and abra- 
sions whole body, 
no fractures 

2 

Poor quality first 
sound 

Negative T waves in 
Leads II, III, and IVF 

24 

Female 

37 

Fell down a 
flight of 
stairs 

Fracture left femur, 
contusion of left 
chest and body 

4 weeks 

Precordial pain, dys- 
pnea, weak sounds 

Low voltage T wave, all 
leads, with slight de- 
pression of E-T seg- 
ment 

25 

Male 

13 

Fell down wliile 
skating 

Fracture left arm and 
contusions of chest 

1 

2 

None 

None 

Normal 

No change 

26 

Female 

54 

Hit bj' a man 
and fell to 
ground 

Transverse complete 
intra-articular frac- 
ture right radius, 
multiple fracture of 
pelvis 

2 

3, 7, 11, 

14, and 

21 

None, blood pressure 
160/80 

None 

Normal 

No change 

27 

Male 

3V2 

Fell 18 feet 
from win- 
dow 

Cerebrospinal injuries 

8 and 10 

None 

Normal 

28 

Female 

22 

Struck by car, 
throuTi to 
ground 

Contusions of body, 
laceration of scalp 

4 

6, 13, and 
17 

None 

None 

Rounding E-T. and E-Tj 
Normal, no change 

29 

Female 

14 

Struck by 
autqmobile 

Concussion of brain 

2 and 3 

None 

Normal 

30 

Male 

65 

Struck by foot- 
ball player, 
fell 

Fracture of greater 
trochanter 

3 

5, 6, 9, 
and 16 

None 

None 

Left axis deviation 

Lesser left axis deviation 
but no changes 

31 

ilale 

48 

Fell down one 
flight of 
stairs 

Contusions and abra- 
sions of chest, 
sprain right ankle, 
cerebral concussion 

2 

3, 4, 6, 7, 
and 10 

Precordial pain, 
diminished first 
sound 

Diminished pain, 
sounds normal 

Normal 

Normal, slight change in 
T. from time to time 

32 

Female 

47 

Fell to ground 

Fracture of right 
fibula 


None 

Tendency to left axis 
deviation, no changes 

33 

Male 

57 

i 

.Struck by au- 
tomobile, 
fell on but- 
tocks 

Fracture shaft femur 
and fibula. Died 10 
days later from pul- 
monary emboliza- 
tion 

2, 4, 6, 
and 9 

None 

Left axis deviation 

34 

Male' 

41 

Struck by 
automobile 

Contusions and abra- 
sions of body, frac- 
ture 9tli and 12th 
right ribs, shock 


Chest pain, cough 
cyanosis. Greatly 
diminished first 
sound 

Sounds better. Gen- 
erally better 

Left axis deviation 

Left axis deviation, no 
change 

35 

Male 

76 

Struck by 
automobile 

Contusions of left 
cheat 

Same 

1, 3, and 

9 

Chest pain. Split 
first sound 

Chest pain. Split 
first sound 

Normal 

No change 
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Table I — Cokt’d 


- 


! 


ABNORXIALITIER " 

OP HEART 

CASE 

SBX 

AGE 

(TB.) 

1 XATUBE 

OF 

ACCIDENT 

t 

BODILY INJURIES 

DAYS 

AFTER 

ACCIDENT 

SYMPTOMS AND 
ABNORMAL PHYSICAL 
FINDINGS 

ZLECTROC ARDIOORAM S 

'36 

Mate 

12 

Struck by _ 
automobile 

Fracture left tibia 
and fibula and 
right tibia 

2 

s 

11 

None 

None 

None 

Normal 

V 

Normal but lower voltage 
complexes 

Normal 

37 

italp 

30 

Struck by 
automobile 

Injuiy left chest; 
fracture neck of 
3rd left rib 

1 and 6 

Precordial and left 
chest pain. Dimin-' 
ished first sound 

Normal 

38 

Mate 

40 

Auto collision, 
thrown 
against steer- 
ing wheel 

Fracture right 3rd 
rib, secondary 
pleurisy 

Same 

2, 4, and 

6 

Sounds muffled 

Sounds gradualh' im- 
proved 

Tendency left axis devia- 
tion 

LoAver voltage QRS 

39 

Female 

44 

Struck by 
automobile 

Compound fracture 
left tibia and right 
fibula, contusions 

of body 

2 

i 

6, 9, and 

21 

Prccordial pain. Ac- 
centuated first 
sound, short gallop 

Eetnm to normal 
sounds 

Tendency left axis deida- 
tion 

Gradual increase of left 
axis deviation 

40 

Male 

57 

Struck by 
automobile 

Fracture of femur, 
t severe contusions 
and lacerations of 
chest and face 

2 

16 

None 

None 

Normal 

Same 

41 

Male 

25 ! 

Fell on ground, 
striking chest 

[Contusions of chest, 
no fractures 

1 to 3 

4 

Precordial pain faint- 
ing 

Severe attack of re- 
i trostemal pain 
several hours 

None obtained 

T, and T, negative 

42 

Male 

52 

Driving bus, 
collided Avith 
streetcar. 
Thrown 
against steer- 
ing wheel 

Contusion of chest 

Same 

3 

15 

Collapse, cold clammy 
perspiration, ex- 
crutiating prc- 
cordial pain 

Continuous pain. 

Faint heart sounds 
Signs of left ven- 
tricular failure 

None obtained 

Left axis deviation A’ory 
low A-oltage QBS 

T, and T, neptive. Left 
axis dcA-iation.^ T, 

1 negative, Tj slighll)' 
i po'iitive, T, negative 


It is interesling to find, as illustrated in Case 6, that injury to the lung may 
also occur without any damage to the chest wall. That is, under certain circum- 
stances, a transmitted force from distant parts of the body may also produce 
other intrathoracic injury than that of the heart. 

IIow trauma of the heart is produced by a blow to distant parts of the body 
cannot be easily explained. To mj- knowledge, no experimental studies of this 
problem have, as yet, been carried out. In tlic studies of the relation of heart 
injuiy to trauma carried out by SchIomka,= Kulbs and Straus, Bright and 
Beck,* Kissane, Fidlcr, and Koons,® Moritz and Atkins,® and Randles, Gorham, 
and Dresbach,^® injuiw of the heart was produced by direct blon's to the chest 
or by blows to the exposed heart. No study has been made of the possible pro- 
duction of cardiac injuiy by .severe blows applied to other parts of the body. 

Therc arc, however, many reports of isolated clinical eases of cardiac injury 
and rupture folloi^ing an accidental blow to di.stant parts of the body. The 
crises of Howat,^^ ,Saphir,^® Kampmann,” Kienle,” and Smith and 3IeKeown’® 

i 
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are only a few of the many found in the literature. It is undoubtedly the 
suddeness of the blow applied to the body and transmitted to the heart by the 
severe vibrations set up which results in the injury. It is possible that, in some 
cases, the damage of the heart is not produced directly by the transmitted force, 
on the heart muscle but by coronary spasm induced by the blow, resulting in 
myocardial ischemia. This theory was postulated by Schlomka® in his experi- 
mental work and may also apply to the human being. The subject has been 
described in my previous communication.^ The factor of shock, with its empty- 
ing effect on the coronary sj'stem, also may play a part. 

The cardiac injury in our series was usually manifested soon after the 
accident. In some cases there was a delay of one or more days before symptoms 
and signs or electrocardiographic evidence developed. In many of these eases 
the clinical and electrocardiographic manifestations were veiy mild in degree 
and short-lived so that they could easity have been missed if frequent examina- 
tions had not been made. 

The subjective manifestations were precordial discomfort in one case; pre- 
cordial pain in mine cases; precordial pain together with dyspnea in two; retro- 
sternal and epigastric pain in one; retrosternal pain radiating to the left 
shoulder, together with choking sensation in one; and chest pain, cyanosis, and 
cough in another. Seventeen patients had no subjective complaints. In general, 
the subjective complaints suggestive of cardiac injury were mild compared with 
complaints referred to other bodily injuries. 

The objective manifestations consisted of changes in the character of the 
heart sounds and the presence of a gallop rhythm, a pericardial friction rub, 
murmurs, and premature contractions. 

The changes in the character of the heart sounds were usually short-lived. 
In eleven cases, the first or first and second sounds were diminished in intensity. 
In three cases the sounds were muffled. In one the first sound was split, in 
another it was of valvular quality, and in two the sounds were accentuated. 
In three cases a gallop rhythm developed, lasting a few days, Jind in a fourth 
case a gallop rhythm was associated with marked diminution in the intensity of 
the first sound. A pericardial friction rub occurred in two cases and was 
fleeting. 

The murmui’s heard were all systolic in time. In three cases it was heard 
at the apex with a comparatively small area of transmission. In three cases it 
was heard at the aortic area, but there was good reason to feel that in two 
(Cases 8 and 16) it was present before the accident and was due to pre-existing, 
atherosclerosis of the aorta. In one ease the murmur was heard at the left 
sternal border, between the third and fourth intercostal spaces, and in one over 
the pulmonic area. In Case 11, the maximum intensity of the murmur was in the 
third left intercostal space vdth wide transmission, tjq)ieal of the so-called 
Roger’s murmur wliich goes with interventricular septal defect. Premature 
contractions occurred in one case. 

The electrocardiographic changes were not specific and varied with different 
cases. The characteristic findings were frequent alterations in the configuration 
of the various deflections from day to day, or in the course of days in each ease, 
as described before.^ The changes consisted of occasional alterations in the P 
wave; changes in the direction of the electrical axis from time to time; and 
alterations in QRS complex, in the ES-T segment, and in the T wave. 

The changes in the QRS complex consisted of variations in the heights of its 
various components from time to time, the development of slurring and notching 
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in occasional cases, and the appearance or disappearance of some of the waves 
of the complex. 

The changes in the RS-T segment often consisted of rounding, elevation, 
and upward concavity in one or more leads seen in pericardial involvement. In 
occasional cases there was some co\'ing as seen in myocardial infarction. In most 
cases the changes were nonspecific. 

The T-wave abnormalities consisted of diminution in its height and change 
in its direction from positive to isoelectric and negative in various leads from 
time to time. 

The pathologic changes that occur in the heart in trauma are probably the 
same as in the experimental animal, reported by the observers previously 
alluded to®'^® and were fuUy described before."* 

The outcome of traumatic injury to the heart in this gioup of cases was 
generally good. Complete recovery apparently occurred in nearly all cases. 
This was undoubtedly due to prolonged rest in bed which the other bodily in- 
juries called for. In Case 1, in which the patient died, the cause of death was 
at least partly due to the cardiac injur3% which was very marked. In Case 2, 
the patient died after many months from osteomyelitis, not primarily from his 
cardiac condition. In Case 11, the damage is pennanent as judged by the per- 
sist ance of signs, now, three ycais after the accident. 

In a pre\nous comnnmicatiom I reported one case of traumatic injury of the 
heart which was observed for more than two yeaj's. At the end of this time the 
patient showed complete clinical recovery, but Lead IVP in the electrocardio- 
gram still showed abnormalities. In another case the patient showed evidence 
of severe myocardial and' pericardial disease with calcification and auricular 
flutter, three and one-half year's after an accident. One year later, he died in 
heart failure, A third patient still shows evidence of extensive organized 
posterior wall infarction with the anginal .syndrome, now over four years after 
an accident. 

Some years ago,*® I reported an unusual case of left-sided displacement of 
the heart which I considered at that time to be probably of congenital origin. The 
patient, however, gave a history that, as a child, he fell from a window three 
stories high, and was bcdi-idden about three months. In the light of subsequent 
^ experiences, I must agree with Brarawell and King,** who think that the ab- 
normality in this case was probably caused by traumatic injurj' rather than due 
to a congenital defect. King reported two more somewhat similar cases, one his 
own and another by Howard, in both of which trauma, resulting in massive 
pleuropulmonaiy pericardial adhesions, was the cause of retraction of the heart 
to the left. 

Although the numiKir of eases presented in this paper is small, the fre- 
quency of occurrence of cardiac injurj' in this series Is very significant. Such 
injurj- would certainly have been ovei-looked if no special investigation were 
made. The complaints of the patient referable to the heart were comparatively 
trivial and could have easily been mi.sscd by the surgically minded doctoi'. 

The problem of trauma of the heart in bodily injuries certainly calls for 
further unbia.sed investigation, not coloml by preconceived ideas. The study 
should include careful clinical, electrocardiographic, and other laboratory 
follow-up, of all severely injured patients, from the day of injury through rc- 
eovety. Those that show .some permanent defect of the lieart .should he observed 
for years to ascertain the ultimate outcome. The statement by Stroud,’* *‘I 
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still feel' cardiac injurj^ is miusTial following anterior chest trauma,” fre- 
quently expressed also by other cardiologists, is certainly based on nothing more 
than belief. 

SUMMARY 

A study was made of the incidence of trauma of the heart in forty-two 
cases of rather serious accidental injuries to the body. In thirty-two, or 76.2 per 
cent, there was demonstrable evidence of some cardiac damage, clinical, electro- 
cardiographic, or both. In some cases the damage occurred even if the blow 
did not affect the chest, provided it was of sufficient severity to result in marked 
bodily injury. In most eases the damage appeared to be very mild and short- 
lived. In some it was severe. 

In many cases there were either no subjective manifestations referable to 
the heart or the manifestations were trmal. . Precordial pain or discomfort and 
slight dj^spnea were the main complaints. The objective manifestations consisted 
of abnormalities in the heart sounds, the presence of a gallop rhythm, a peri- 
cardial friction rub, and systolic murmurs, in various areas. The findings were 
short-lived and occurred in comparatively few cases. 

The electrocardiographic manifestations consisted of changes in the voltage 
and appearance of the QKS complex from time to time and some shift in the 
electrical axis ; elevation, rounding with upward concavity, and occasional coving 
of the R-T segment; and frequent changes in the T wave from positive to iso- 
electric and negative and back to positive. In the majority of cases the electro- 
cardiographic changes were nonspecific. In occasional cases, they were character- 
istic of pericardial involvement, or of localization of the damage to other specific 
areas of the heart. 

Complete recovery took place in nearlj' all cases in this series. Only one 
patient showed permanent damage and in another case the cardiac injurj-- was 
at least partly responsible for death. 

The observations tend to indicate that trauma of the heart is a rather 
frequent occurrence in serious bodily injuries and call for future unbiased in- 
vestigation of this subject. 

I am indebted to Drs. D. A. McAteer, J, E. Hammett, J. E. Miles, and G. Webb, for tlic 
privilege accorded me of carrying out the observations presented in this paper on patients 
from their surgical services. 


REFERENCES 

1. Leinoif, H. D.: Acute Coronary Tiirombosis in Industry Direct Nonpenetrating Injuries, 

Witb Report of Cases, Arch. Int. Med. 70: 33, 1942. 

2. Barber, H.: Electrocardiographic Changes Due to Trauma, Brit. Heart J. 4: 83, 1942. 

3. Sigler, Louis H.: Trauma of the Heart Due to Nonpenetrating Chest Injuries, Report 

of Cases With Recovery or Long Survival, J. A. M. A. 119: 855, 1942. 

4. Sigler, Louis H.: The Electrocardiogram, Its Interpretation and Clinical Application, New 

York, 1944, Grune & Stratton, Inc., pp. 323-336. 

5. Schlpmka, G. : Commotio cordis, Klin. Wchnschr. 12: 1677, 1933; Influence of Blunt In- 

juries on Heart in Sensitized Animals: Experimental Studies, Ztschr. f. d. ges. 
exper. Med. 92: 522, 1934. 

6. Khlbs, F., and Straus, L. H.: Heart and Trauma: Experimental Investigation, Klin. 

Wchnschr. 11: 1572, 1932. 

7. Bright. E. F., and Beck, C. S.: Nonpenetrating Wounds of the Heart, Am. Heart J. 10: 

293, 1935. 

S. Kissane, R. W., Fidler, R. S., and Koons, R. A;: Electrocardiographic Changes Following 
Injury to Dog, Ann. Int. Med. 11: 907, 1937. 

9. Moritz, A. R., and Atkins, J, P.: Cardiac Contusions, An Experimental and Pathologic 
Study, Arch. Path. 24; 445, 1938. 

10. Randles, F. S., Gorham, L. W., and Dresbaeh, M.: Clianges in the RS-T Component of 

the Electrocardiogram Produced by Experimental Rupture of the Auricle of the 
Dog’s Heart, and by Pericardial Injection, Am. He.\rt ,T. 9: 333, 1934. 

11. Howat, R. M.: Traumatic Rupture of the Heart, Lancet 1; 1313, 1920. 

12. Saphir, 0.: Rupture of Heart by Indirect Trauma in a 4 Year Old Bov. Am, .T. M. Sc. 

TV??* 1007 -f 


478 


AMERICAN HEART JOURNAL 


13. Kampmaniij W.: Ein Pall von isolierter Verletzung des Herzreizleitungasystems. 

Miinchen. med. Wchnschr. 82: 129, 1935. 

14. Kienla_ P.: Elinisclie tind elektrokardiographische Beobachtungen bei traumatiscliem 

Hintenvandinfarkt, Ztschr. f. Kreislaufforscb 30: 674, 1938. 

15. Smith, Li. 25., and McKeown, H. J. : Contusion of the Heart, Beport of a Case With Serial 

Electrocardiograms, Am. Heart J. 17: 561, 1939. 

16. Sigler, L. H.: An "Unusual Case of Left-Sided Displacement of the Heart, Am. Heart J. 

7: 388, 1931. 

17. Bramwell, C., and King, J. T.: The Principles and Practice of Cardiology, London, 1942, 

Oxford University Press, pp. 332-334. 

18. Stroud, "W. D., Dick, G. P., and others: Year Book of General Medicine, Cliicago, 1940, 

The Year Book Publishers, Inc., p. 699. 


STUDIES CONCERNING THE ETIOLOGY AND PATHOGENESIS OP 
NEUROCIRCULATORY ASTHENIA 

III. The Cardiovascular Manifestations of Neurocirculatory Asthenia 

Major SIeyer Friedman, M. C.* 

Army of the United States 

introduction 

I N PRECEDING articles,^’ ^ the nature and pathogenesis of hyperthermia, 
giddiness, and syncope, found in the syndrome of neurocirculatory asthenia 
(NCA), were discussed. As a result of these studies, attention was directed 
toward the hypotlialamus as a possible factor in the pathogenesis of the somatic 
phase of this illness. In the present communication, the results of clinical, 
physiologic and phannaeologic studies of the cardiovascular manifestations of 
neurocircnlatoiy asthenia are reported. 

In the past, there has been considerable disagreement concerning the ex- 
act status of the cardiovascular sy'stem in the patient ivith NCA. Some in- 
vesligatoLs^"® have not been able to delect any significant, or persistent, defect 
in the hemodjmamics of these patients, but others'"’® have reported abnormalities 
in either the size of the heart, in its function, or in its conduction system. It 
is worthy of emphasis, too, that whereas most internists^’ ” have consistently 
stressed the psj'chic factors in this disease, they have not succeeded in integrating 
the latter in any exact, phj’^siologic manner with the actual emergence of cardio- 
vascular symptoms and signs in the same patient. Likewise, the psychiatrists 
have not succeeded in elucidating the pathogenesis of cardiovascular manifesta- 
tions in patients suiTering from an obvious anxiety neurosis. There exists, then, 
a physiologic or neurologic void between the p.sychic and cardiovascular phases 
of neurocirculatory' asthenia which has not been probed sufficiently by cither the 
internist or by the psychiatrist. Until this void is explored, however, it will be 
impossible to understand those processes set loose in a person subject to anxiety, 
which cxpre.ss themselves in trembling, perspiration, flushing, dyspnea, palpita- 
tion. and preeordial pain. 

In an attempt to investigate the phy'siologic connection between the admitted 
emotional turmoil of the patient vdlh NCA and his cai'diovascular symptoms and 
signs, a study' was made of fifty y'oung soldier patients sufici'ing from this 
sy'ndromc. In this investigation, the hemodynamics of the patient with NCA 

Rf-ccUrj for pnbllraUon Mnrch 12, IW’l. 

■Director ot Harold Brunn InsUtato, Mt. Zion Hospital, San Fnincl^co. on leave of 
absence. 
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Vere not studied solely as the functional expressions of isolated tissues contain- 
ing and propelling blood, but rather as reactions of the entire cardiovascular 
system, a. system intimately connected to the remainder of the body and con- 
trolled by nerve and by chemical reactions. For it is clear that any study of 
the heart and the organs associated with it demands such correlation. Other- 
wise, there is danger of ^ave inaccuracy, despite the use of the most precise 
de'nces designed to measure isolated hemodynamic functions. . 


A. PHYSICAL EXAMINATION OP. THE HEART 

Several workers^^’ have reported a small incidence of actual valvular heart 
disease in their series of, patients with NCA. I was unable, however, to detect a 
single case of either congenital or infectious heart disease in my series. Incon- 
stant, systolic, apical murmurs were heard in ten patients (20 per cent), but they 
lacked the identifjdng characteristics suggestive of damaged valves. Four pa- 
tients (8 per cent) exhibited sharp, forceful ‘heart beats against relatively thin 
chest w^alls. 

B. THE SIZE OF THE HEART (ROENTGENOGRAPHIC DETERMINATION) 

Although Master has reported that the heart of the patient with NCA may 
be abnormally small, other investigators^’ ° have found no pai’tieular abnormality 
in the size of ‘this organ. Teleroentgenograms of the hearts of twenty patients 
■with NCA and of fifteen normal young adults were obtained, measured, and 
compared. It was found that the average cardiothoracic ratio of the patients 
with NCA was 0.407 (range: 0.330 to 0.450) and that of the controls was 0.402 
(range : 0.335 to 0.440) . Thus, no abnonnality in the size of the heart was found 
in the average patient with NCA in the present series. Furthermore, no ab- . 
normalities were found in the size or contour of the separate chambers of the 
heart. 

c. electrocardiogr.aphic studies 

Both Master^ and Merritt^® have reported abnormalities of either the QBS 
complex or of the T wave in electrocardiograms obtained from patients with 
NCA. I was unable, however, to detect any significant, fixed abnormality in 
electrocardiograms of thirty patients with this sjmdrome. Nor was I able to 
confirm Master’s observation that there is frequently a right axis deviation in 
the electrocardiogram of such patients. 

In sharp contrast to the observations of other investigators,"** I found 
that eleven of my patients (22 per cent) exliibited some form of transient ar- 
rhjdhmia during their hospital stay. Four had bouts of paroxysmal auricular 
tachycardia, five exhibited ventricular extrasystoles, one had transient episodes 
of auricular flutter, and one exhibited a wandering auricular pacemaker. The 
high incidence of arrhytlunia in my series of patients might have been due to the 
fact that, besides obtaining routine electrocardiograms on admission, I also 
obtained additional ones when the patients informed me that they were experi- 
encing palpitation. Tliis last procedure was undertaken because it allowed the 
observation of the patient at the exact instant he was aware of heart dysfunction 
and enabled me to cheek in an objective fashion what he felt subjectively. 

Two of the four patients with NCA who suffered from attacks of auricular 
paroxysmal tachycardia as 'frequently as five times a day were observed on sev- 
eral occasions before, and during, a bout of paroxysmal tachyeardia. In-variably 
it was found that the onset of the arrhjdhmia was preceded by marked accentu- 
ation of the hand tremor, elevation of the oral temperature to hyperthermic 
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levels (99.2° to 100° P.), perspiration of the axillary and palmar skin, facial 
pallor, and a feeling of nervousness or tension. These 'sjanptoms and signs con- 
tinued as the tachycardia began and iiersisted for a short while after the tachy- 
cardia had been interrupted by pressure over the carotid sinuses. It was found, 
too, that, when these same patients were given quinidine, their attacks of ar- 
rhythmia ceased, but they continued to experience and show, at intervals, the 
symptoms and signs previously described. This separation of the prodromal 
syndrome and the tachycardia itself, following the administration of quinidine, 
strongly suggested that the tachycardia observed was not the cause, but the re- 
sult, of the peculiar nervous discharge which was seen to precede and accom- 
pany it. 

D. OBSERVATIONS CONCERNING EXERCISE TESTS IN THE EVALUATION OF 
CARDIOVASCULAR EFFICIENCr 

There has been some disagreement about the value of exercise tests in the 
evaluation of the patient with NCA. Several observers^’ report that such a 
patient may show abnormalities in pulse and respiratory rates following such 
tests whereas other investigators®’ have insisted that the usual exercise 

tests are of no value in detecting, or assessing, cardiac derangement in this type 
of patient. In connection -with cardiac efficiency, the observations of Starr® are 
of interest in that he found some patients with NCA w’ho exhibited hypofunction 
of the heart and others who showed hyperfunction. 

Table I. The Eespieatop.y Bate, Pulse Rate, axd Blood Pressup.e or Pa-uents With 
NCA AND Nop.mal Adults Before and After a Standard Exercise Test 


CASE 

1 BEFORE test j 

1 IMMEDIATFLT AFTER TEST ] 

1 TWO 

Atl.NUTES 

AFTER TEST 


1 P.E.SP. 

1 PULSE I 

B.P. 1 

1 RESP. j 

PUI.'SE j 

B.P. 1 

1 RESP. 

1 PULSE 

1 • B.P. 





Patients 

With NCA 




1 

20 

80 

133/72 

28 

140 

170/80 

28 

104 

120/80 

2 

20 

90 

130/93 

30 

130 

155/90 

20 

108 

135/95 

3 

20 

100 

115/73 

48 

130 

150/70 

34 

100 

135/75 

4 

18 

118 

110/80 

28 

150 

140/75 

20 

138 

115/80 

o 

20 

9G 

145/100 

36 

140 

210/90 

24 

120 

170/90 

c 

20 
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In our own efforts to determine the cardiac efficiency of the patient with 
NOA, we first employed a standard exercise test in which the patient jumped up 
and down (both feet together) one hundred times in sixty seconds. Measure- 
ments of the blood pressure, pulse, and respiratory- rates were obtained before, 
immediately after, and again two minutes after, the performance of the test. 
Twenty-two patients with NCA and nine normal adults Avere studied. As Table 
I indicates, the resting A^alues of the two groups ivere approximately the same. 
Other than excessive tachypnea in the patients Avith NCA, the values Avere also 
similar immediately after the performance of the test. When, however, the 
measurements taken two minutes after exercise were compared, it Avas found 
that the average pulse and respiratory rates of the patients AAuth NCA Avere ab- 
normally high. 

On superficial analysis, the results above might seem to indicate a relative 
cardiac inefficiency in neurocirculatory asthenia. HoAA^ever, as mentioned before, 
it AAmuld be a mistake to assume, on the evidence of a persisting tachypnea and 
tachycardia alone, that these patients possessed an inadequate cardiovascular 
system. Other factors might have been responsible for the persistent tachycardia 
and the tachypnea. For example, it Avas found that quite frequently the patient 
AAuth NCA, at the very beginning of the test, exhibited a tachypnea Avhieh Avas 
out of all proportion to the amount of Avork done up to that time. Accordingly, 
before the heart could be ascribed as the primarily deranged organ and the cause 
of the persisting tachypnea and tachycardia, the following observations had to 
be performed: (1) the effect of voluntary tachypnea on the pulse rate, (2) as- 
sessment of cardiac efficiency by other methods during the period of tachypnea 
and tachycardia after the standard exercise, and (3) the determination of the 
pulse and respiratory rate in an exercise test in AA'hicli the possibility of anxiety 
on the part of the patient was eliminated. 

1. The Ejfeot of VoUintary Tachypnea 07i the Pulse Bate. — Seven patients 
Avith NCA and seven normal young adults Avere instructed to breathe deeply 
thirty times in forty seconds after their resting pulse had been taken. It was 
found that the patients Avith NCA shoAved an average increase of 30 beats per 
minute and the control group exhibited an average increase of five beats per 
minute after the hyperventilation had been completed. Four of the seven pa- 
tients Avith NCA also exhibited a pounding heart and complained of palpitation. 
One also complained of precordial pain. These results indicated that taehj’pnea 
itself could induce an abnormal response in the cardiovascular functions of tlie 
patient Avith NCA. It suggested, too, that the higli pulse rate observed in such 
a patient after the completion of the standard exercise test could have been 
caused b3^ the tachj^nea — a tachj’^pnea Avhich occurred so near to the onset of the 
test that it could not have been 'due to cardiac insufficiency. 

2. Assessnmit of Cai-^diac Efficiency Dunng Sta^idard Exercise Test ly 
Measuronenis of the Vital Capacity, Ve^wus Pressure, a7\d Circidatimi Twie . — 
The Autal capacity of seven patients AAUth NCA was taken before and immediately 
after the performance of the standard exercise test. As Table ll shoAvs, the 
average vital capacity of the patient with NCA before and after exercise was 
2,31 and 2,27 liters per square meter of bodj- surface, respectiA’’ety. The Autal 
capacity, in other words, Avas AAuthin normal limits both before and after the test, 
and, after the latter time, the patient still exhibited a tachj-pnea and tachjmardia. 
The A’^enous pressure was measured in six of these patients bj^ direct puncture of 
the right antebracliial vein, both before and immediately after exercise. It was 
found to average 6.6 cm. of Avater before, and 6 cm. of Avater directly after exer- 
cise, Both of these values are Avithin normal limits. The circulation time (arm- 
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to-tongue) was determined by the injection of caleiixm gluconate into six patients 
'U'ith NCA, before, and two minutes after, the cessation of exercise. The avea’age 
time of circulation before and after exercise was 12 and 10.5 seconds, re- 
spectively. Thus, it was foxmd that despite the tachj’pnea and tachycardia of 
the average patient with NCA after performing the standard exercise test, there 
was no indication from these measurements that cardiac failure or inefficiency 
.of any perceptible degree was present. 


Table n. The Vital Capacity, Venous Peessuke, and Circulation Time of Patients 
With NCA Before and After a Standard Exercise Test 


CASE 

1 BEFORE TEST ] 

1 AFTER TEST 

VITAL 

CAPACITY** 

VENOUS 1 
PRESSURE} 1 

CIRCULATION 

1 TIME} 

WTAL 

CAPACITY 

VENOUS 

PRESSURE 

CIRCULATION 

TIME 

1 

2.25 

5.5 

12 

2.25 

4.0 

10- 

2 

2.70 

10.0 

12 

2.70 

11.0 

10 • 

3 

2.50 

5.7 

12 

2.55 

G.2 

11 

4 

2.00 

2.0 

18 

2114 

8.0 

12 

r, 

2.40 

9.5 

12 

2.45 

6.0 

10 

8 

1.80 

7.0 

13 

1.70 

6.0 

10 

9 

2.53 

— 

— 

2.11 

— 

— 

Average 

2.31 


12 

2.27 

6.0 

10.5 


•LUers of air per square meter of body surface. 
tCubic centimeters of water. 

^Seconds. 


3. The Pulse and Respiratory Rate Baring Special Exercise Test. — A simple 
test was devised wMch consisted of a small fixed pulley, over which a cord, 
fastened to an S-pound weight, was suspended. The patient was seated and 
asked to raise and lower the weight over a distance of 10 cm., fifty times a* 
minute, by pulling and releasing the cord. The pulse and respiratory rates 
were obtained at the end of 30, 60, 120, 180, 240, and 300 seconds. Before the 
patient was allowed to perform this test, however, he first watched others do it. 
lie then perfoimcd the test three times on three different days; the last test was 
used for the calculations shown in Table III. The procedure was adopted in order 
to eliminate, as far as possible, any anxiety or nervousness on the part of the 
patient while performing the test. It was noted repeatedly that many patients 
with NCA began to breathe fast, with corresponding tachycardia, when they first 
attempted this simple exercise. Indeed it is felt strongly that much of the work 


III. The I?nsi>ii:.ATOP.Y and Pulse Rate of Patients With NCA and Nor-Mal Adults 
Before and During a f?PEniAL Exercise Test 


BEFORE TEST 

1 DURING TEST 

1 1 

30 SECONDS j 

60 SECONDS 

|120 SECONDS 

ISO SECONDS 

1240 SECONDS 

CA.Sr- 1 RESP. i PULSE 

KESP. j PULSE 

RESP. 1 PULSE 

|rESP.| PULSE 

RESP. 1 PULSE 

[rE!5P.| PULSE 


Patients With XCA 


B3 

20 

80 

20 

96 

22 

90 

22 

90 

p.9 

102 

24 

108 

B2 


88 

20 

102 

24 

108 

26 

102 

24 

112 

24 

115 

B3 

IS 

78 

20 

98 

20 

102 

22 

98 

24 

102 

24 

102 

B} 

39 

78 

20 

90 

20 

102 

20 

98 

20 

102 

22 

102 

Bo 

21 

60 

22 

66 

24 

72 

22 

84 

22 

84 

22 

— 

Bi; 


88 

no 

102 

22 

104 

24 

106 

22 

120 

23 

120 

i^7 

38 

78 

18 

84 

20 

90 

22 

96 

24 

90 

22 

— 

BS 

39 

SS 

IS 

100 

20 

96 

20 

102 

22 

102 

22 

320 

Average 

20 

SO 

20 

92 

22 

96 

22 

97 

23 

103 

24 

111 






Normal Adults 
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9} 
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24 
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99. 
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22 
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« 
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108 

24 
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C4 
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9i 
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N . 

previously done on the exercise tolerance of the patient with NCA may be mis- 
leading because the element of aimety was not eliminated during such studies. 
It is a simple point, but one important enough to invalidate any assay of exer- 
cise tolerance, if not kept in mind. 

Bight patients with NCA and six normal adults were given the test. The 
results, as shown in Table III, indicate that there was no significant difference 
in the hemodynamic response of the patient with NCA and that of the normal 
individual, as judged by pulse and respiration changes during the exercise. 
The average pulse rate of the patients mth NCA increased from 80 to 111 beats 
per minute at the end of 240 seconds of exercise (an increase of. 35.8 per cent), 
and the average pulse rate of the normal individuals, at the end of the same 
period, increased from 78 to 105 beats per minute (an increase of 34.6 per cent). 
The average respiratory rate in both groups was found to remain below 24 per 
minute during the entire test. 

These observations indicate rather conclusive!}- that, if the emotional 
tachypnea of the patient with NCA is eliminated during an exercise test, no 
cardiac dysfunction will be observed. Even in the standard test, in which no 
effort was made previously to acquaint the patient with it, and in which the pa- 
tient with NCA exhibited persisting tachypnea and tachj^eardia, evaluation of 
the cardiac efficiency by measurements of the vital capacity, venous pressure, 
and circulation time revealed no defect. 

It is of interest in this connection that Fraser and Wilson,^® in commenting 
on the response of the patient Avith NCA to exertion, wrote, “These patients 
appear to differ from healthy men only in that a stimulus such as excitement 
or emotion produces an uriusually large response.” Jones and Lewis” also oli- 
served, “ — ^it is not effort but the situation in which effort may be required 
and the emotional attitude of the man toward this situation that are often the 
significant factors.” Certainly our own observations are in complete agreement 
with the views of these men. 

\ 

E. EXPERIMENTAL OBSERVATIONS CONCERNING THE CARDIOVASCULAR MANIFESTATIONS 

1. Dyspnea . — ^Although forty-seven patients with NCA (94 per cent) com- 
plained of breathlessness after relatively slight exertion, it was found, as de- 
scribed above, that, when a group of these individuals performed work without 
any element of concomitant anxiety or emotional tension of any sort, they did 
not experience dyspnea sooner, or more severety, than the normal person doing 
the same work. This last observation, together with the lack of signs of cardiac 
insufficiency in the uncontrolled exercise test described previously, indicated 
that the respiratoiy distress of these individuals was not of cardiac origin. 

2. Precordial Pain, — ^Forty-four patients with NCA (88 per cent) com- 
plained of intermittent preeordial pain. This particular symptom, perhaps more 
than any other, has been responsible for the interest of the cardiologist in neuro- 
eirculatory asthenia. Some writers,’®* however, have considered the sjnnptom 
as imaginary or the result of the patient’s preoccupation with his heart. Wood” 
recently has presented veiy good evidence that preeordial pain in many in- 
stances may be due to respiratory dysfunction. 

In the present studies, it was found tliat there were actually tivo separate 
and distinct tjqies of preeordial pain which might be experienced by patients with 
NCA. It was also discovered that they were not due to the same causes. It is 
probable that needless confusion has existed in the past concerning the natui’e 
and cause of the preeordial pains occurring in the patient mth NCA because of 
the failure to differentiate these two distinct types. 



484 : 


.UIERICAX HEART JOURNAL 


Tlie most common fonn of pain (experienced by twenty-four patients with 
XOA (58 per cent) was a sharp, piercing, transient one that began at the left 
nipple. and penetrated deep into the chest. The intensity was most severe, 
although tlie pain rarely persisted over five minutes. The patients described 
this pain as a sensation of being stabbed, torn, or cut. Eight of the twenty-four 
patients stated that, either preceding or concomitant with the pei’ception of this 
pain, they were aware of their hearts beating irregularly. The remaining sixteen 
patients stated that they were unaware of any irregularity of rhythm, but tlicy 
did observe tliat the heart began to beat extraordinarily forcefully, either before 
or dux*ing the attack of precordial pain. Because each of the patients thus in- 
.sisted that their pain was preceded or accompanied by perceptible changes in 
either the i*hythm or force of cardiac contraction, it was suspected that this type 
of prccordial pain was cardiac in origin. 

Accordingly, the susceptible patients were instructed to report for examina- 
tion immediate^ at the onset of their preeordial pain. Because they were hos- 
pitalized patients, tliirteen of them were examined almost at the first twinge of 
pain. It was found on physical and electrocardiographic examination that seven 
of these patients exhibited some type of transient arrhythmia at the time of the 
onset of preeordial pain (ventricular extrasy.stoles, 3; auricular paroxy.smal 
tachycardia, 2; wandenng auricular pacemaker, 1; and auricular fiuttcr, 1). 
The remaining six patients were found to have xiormal electrocardiograms, but 
the clinical examination I’cvealed that the hearts of all six were pounding vexy 
forcefixlly against the chest wall. Of even greater intex’est was the observation 
that ten of these thirteen patients, during their attack of precoi’dial paiix, also 
exhibited cold, wet hands xvith accentuated tremor, pi'ofuse axillary perspiration, 
and dilatation of the pupils. These extracardiac findings indicated that a 
nervous discharge had occuxTcd, in addition to the cai’diac symptoixis and signs. 
These patients wei'c carefully observed, and it was foixnd that the preeordial 
pain did not persist after the disappeax-anee of the obseiwed axThythmia and 
the excessive pounding of the heart against the chest wall. 

These findings made it clear that the cause of the sharp, excruciatingly 
.severe, preeordial pain was of cardiac origin. It was also obvious that, in the 
majority of cases, the cnrdiac changes were but the cardiovascular manife.station.s 
of a nervous discharge, strongly .suggestive of an excitation of the .sjonpalhctic 
nciwous system. 

The second type of preeordial pain experienced by many patients with NCA 
wa.s a dull, aching, persistent pain confined, but not .sharply limited, to a wide 
area of the left side of the chest, with the left nipple usually as its center. It 
was invariably produced by exercise but usually appeared several minutes, to 
several hours, after the perfoxanance of any particular exertion. It was felt by 
many patients for many houx’s, contra.sting shax’ply to the sharp type of ixain 
previously desci-ibed. which rarely lasted over five minutes. It is believed that 
this is the typo of pain described by Wood,” who thought it was due to respira- 
tory dysfunction. In data to be published latex', .sufficient evidence was accumu- 
lated to confirm his theory concerning the pathogene.sis of this tj-^pe of preeordial 
pain. It should be mentioned, howevei', that several patients with NCA in the 
prc.sent series wero wont to experience both types of pain at intervals. 

3. Pal pit Ilf um. — Forty-seven patients (94 per cent) .stated that they had c.x- 
pcricnccd bouts of palpitation. Twenty were examined during hospitalization, 
at a time whexx they experienced this sensation. Four wore found to have ven- 
tricular cxtnisystolc.s. and the remaining sixteen patiente were observed to have 
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llie poiinding of the heart against the chest wall, previonsl}'' observed in many 
of the patients ivith NOA who complained of preeordial pain of the sharp, 
transient variety. As a matter of fact, six of these twenty patients also com- 
plained of the sharp precordial pain at the time they experienced palpitation. 
Fifteen of the twenty patients also showed signs of the nervous discharge. 

4. Changes in the Temperature and Color of the Extremities . — The cold, 
cyanotic extremities of the patient mth NOA have been described often by 
various observers.^^' The condition has been thought^^ to be due to arteriolar 
vasoconstriction. Although forty-five patients vdth NOA (92 per cent) in the 
present series exhibited such changes in their extremities at some time during hos- 
pitalization, it was not a permanent phenomenon. Rather, it was a transient, 
episodic condition, associated with the characteristic nervous discharge which 
has been described as preceding or accompanying the other cardiovascular 
manifestations of the sjuidrome. Between these episodes and always during 
sleep, the sldn of the patient with NCA appeared nonnal, both in temperature 
and color. 

P. THE EFFECTS OF VARIOUS DRUGS ON THE CARDIOVASCULAR SYSTEM 

The majority of investigators who have made studies concerning the etiolog.y 
and pathogenesis of neurocirculator 3 ’" asthenia have been impressed with the 
striking similarity of many of its manifestations to those following an excitation 
of the sympathetic nervous sj^stem. Fraser and Wilson^® were the first observers 
Avho stressed the involvement of the autonomic nervous system in the patho- 
genesis of the sjmdrome. Kessel and Hjunan^® stressed the presence of autonomic 
imbalance in the production of neurocirculatoiy asthenia but did not attempt to 
correlate their physiologic findings vith anatomic elements of the autonomic 
nervous system. Cannon®^ also pointed out the essential similarity of the syn- 
drome of NCA to the rage or fear reaction occurring in the experimental animal 
after excitation of the sjunpathetie nervous sj’-stem. Despite this admitted in- 
volvement of the autonomic nervous system in the pathogenesis of neurocircula- 
tory asthenia, however, the exact locus of its conjunction vdth, or participation 
in, the elements maldng up the entire sjuidrome remains unlmown. For, al- 
though the somatic elements of the disease are mediated obviousl}’’ bj* the 
autonomic nervous sj^stem, there is little reason to believe that the entire syn- 
' drome occurs because of some peripheral disturbance in this latter segment of 
the nervous organization. 

In an effort to investigate the role of the autonomic nervous system in the 
pathogenesis of tliis disease, patients uith NCA were given various drugs which 
acted on the peripheral terminations of this sj’^stem. In addition, they were 
given two drugs, caffeine and benzedrine, which are known^- to exert their prin- 
cipal effects on the higher centers of the central neiwous system. It was hoped, 
by such experimentation, that not onlj’- the portion of the autonomic system 
inyolved in these patients might be detei-mined, but also at what level the func- 
tion of this S 3 ’’stem was hyperactive or deranged. 

The autonomic effector drugs (epinephrine and physostigmine) were ad- 
ministered to patients with NCA when they exhibited a minimum of cardio- 
vascular manifestations. The anticholinergic drugs (atropine and scopolamine) 
were given, however, when the patients displajmd a marked accentuation of 
symptoms and signs. Caffeine and benzedrine were given during quiescent 
periods of the sjTidrome. These periods (according to the drug emplojmd) were 
chosen because it would be difficult, for example, to determine the role of epi- 
nephrine in a patient with NCA who already was exhibiting maximal signs of the 
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^Tidrome before medication. Like^\ise, the use of anticholinergic drugs during 
a quiescent period of the sjmdrome 'would be -without value in assessing the role 
of the parasjnnpathetic nervous system in the production of neurocirculatory 
asthenia. These precautions are extremely impoi-tant in dealing -with a disease 
so episodic in character, and some of the conflicting views concerning the results 
following the administration of various autonomic drugs may have arisen because 
of the failure to ascertain the exact status of the patient before these drugs were 
given. 

1. 27ie Administration of Epinephrine. — Inspection of Tables IV, A, shows 
clearly that the intramuscular injection of epinephrine produced no greater 
changes in the patient with NCA, for the most part, than in the normal in- 
di-vidual. In both groups, the injection was followed by increase in pulse rate 
and force of cardiac contraction. Increase in the force of the heart beat by this 
procedure produced the sharp type of preeordial pain in two patients ■with NCA 
and in one normal indi-vidual. The only real difference observed was the occur- 
rence of cold, wet hands in the patients with NCA, which was observed to occur 
only after they had begun to feel anxiety about the forceful contraction of the 
heart making it doubtful that the epinephrine directly evoked the changes in 
the peripheral blood vessels and sw^eat glands. The pre-existing tremor of the 
patients with NCA was seen to increase, but all nonnal adults also exhibited a 
tremor following the injection of the drug. 

2. The Administration of Physostigmine. — The intramuscular injection of 
physostigmine into four patients -with NCA (Table TV, B) during a relatively 
quiescent period of the syndrome, evoked no essential change in the pulse rale, 
the degree of perspiration, or in the color and temperature of the upper extremi- 
ties. The tremor did not increase in any patient. It appeared, then, that the 

* cardiovascular apparatus of the patient ^vith NCA was not hypersuseeptible to 
this cholinergic drug. By inference, it would seem that these patients were 
also not unduly sensitive to para-sjanpathetic discharge. 

3. The Administration of Atropine. — The subcutaneous injection of atropine 
into four patients with NCA (Table IV, C) during exacerbations of symptoms 
and signs, had no effect in inliibiting the increase in respiratory rate or tremor 
of the extremities. The cardiac rate was increased in even greater degree. 
Atropine, however, did abolish the excessive perspiration and the coldness of the 
hands. It should be mentioned in this connection that, although perspiration is a 
function of the sjmpathetic neivuus system, the effector drug actually causing 
the increased perspiration has been found to be acetyl choline.®" This makes it 
clear that the abolition of excessive perspiration by the injection of atropine 
docs not indicate that a previously increased parasympathetic .diseliarge was 
present in these patients. 

4. The Administration of Scopolamhie. — The subcutaneous injection of 
scopolamine into three patients with NCA, during exacerbations of the disease, 
was followed (Table IV, D) by the disappearance of premonsly cold extremities. 
The other manifestations of the syndi-ome were unchanged after injection. 

5. The Administration of Caffeine. — ^When caffeine citrate was given orally 
to six patients with NCA during quiescent periods of their illne.s.s and to three 
normal young adults (for control purposes), a marked effect was observed only 
in the patients with NCA (Table rV"". E). Five of the six patients exhibited 
an increase in the pulse rate (average inerea.'JC: 16 beats per minute). Each 
of the six patients .showed an inerea.se in respiratory rate (eiveragc increa.se : 6 
n:spirntions per minute). The tremor also became accentuated, and the hands 
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of all patients witli NOA became wet and cold. The impact of the heart against 
the chest wall was observed to increase in intensity in all patients and three 
patients ivith NOA complained of the sharp, transient type of precordial pain. 
One patient had a transient arrhythmia, due to the onset of ventricular extra- 
systoles. ’ As mentioned, the nomal individuals showed no significant change in 
pulse or respiratory rate, in rhythm, or force of cardiac contraction, or in degree 
of perspiration. 

6. The Administration of Benzedrine . — ^Benzedrine sulphate produced 
dramatic changes when given to six patients with NOA, but there were no per- 
ceptible changes in the normal individuals to whom it was given. Thus (Table 
IV, F) the average pulse rate of the six patients with NOA increased from 83 
to 99 beats per minute, and the respiratory rate accelerated from 21 to 28 breaths 
per minute. Bach of the six patients complained of palpitation, and four ex- 
perienced the sharp, transient type of preeordial pain. The hearts of all patients 
vdth NCA were observed to contract much more forcefully after the administra- 
tion of benzedrine and, in two patients, ventricular extrasystoles followed the 
ingestion of the drug. The hands of all patients, regardless of their state prior 
to the administration of benzedrine, became cold and wet. Two patients also 
exhibited purplish mottling of the skin of their extremities. Axillary perspira- 
tion increased in all patients following the ingestion of benzedrine. 

DISCUSSION 

Prom the preceding observations, it must be assumed that the heart of the 
.patient with NOA is basically sound both in structure and function. If, occa- 
sionally at rest, and always during effort associated with emotional activity, 
this type of patient experienced dyspnea, palpitation, and precordial pain, and 
exhibited tachypnea, forceful beating of the heart, arrhjdhmia, and coldness of 
the extremities, there was sufficient evidence also that these cardiovascular sjunp- 
toms and signs were preceded or accompanied by a nervous discharge which 
seemed to bear a causal relationship to the onset of the cardiovascular dysfunc- 
tion observed. 

Thus, it was found that the real mechanism responsible for the occurrence of 
not only the cardiovascular manifestations, but also of the other somatic mani- 
festations of the disease, was the episodic, frequently spontaneous occurrence of 
this nervous discharge. The cardiac and extracardiac characteristics, the close 
relationship to emotion, and the experimental simulation of these signs and symp- 
toms in the normal individual by the administration of excessive amounts of 
epinephrine, indicated that the nervous discharge was sympathetic in nature. 
The inability to reproduce an exacerbation of the syndrome in the patient with 
NGA by the administration of cholinergic drugs, further confirmed this proba- 
bility. 

However, the peripheral portion of the sjunpathetic nervous system in the 
patient with NCA was not found to be unduly sensitive to epinephrine, which 
suggested that the abnormality in this portion of the autonomic nervous system 
was not a peripheral one. The production of the same type of nervous activity 
by emotional activity and by the administration of caffeine and benzedrine 
(drugs ha\’ing their chief effect on the higher centers of the central nervous 
system--) indicated that there was stimulation of the sjmpathetic nervous system 
at its central point. Since the hjqpothalamus has been described-^ as the locus 
of this point, it would appear that this portion of the brain in the patient with 
NCA was unduly responsive to emotional activity or to the administration of the 
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aiorementioned drugs. The presence of fever in many patients with NCA^ to- 
gether with other* sjTuptoms and signs previously described® further suggests 
hypothalamic dj'sfunetion in this iUness. 

This incrimination of the hypothalamic area of the brain in the pathogenesis 
of neurocirculatorj' asthenia is not to be construed as a belief that hypothalamic 
dysfunction is responsible for the genesis and pathogenesis of the entire 
sjTidrome. It is believed, however, that the evidence is strong for the assumption 
that this portion of the brain is responsible for the emergence of the somatic 
manifestations seen in this disease. It should be pointed out, in this connection, 
that neurocirculatory asthenia is intimately associated with emotion and the 
latter, in turn, has close relationship with the hypothalamus. 


CONCLUSIONS 

1. The cardiovascular manifestations of neurocirculatory asthenia were 
studied in fifty patients. 

2. The heart of the patient with NGA was found to be normal in size, struc- 
ture, and function at rest and also during effort if unaccompanied by emotional 
activity. 

3. Changes in the rate, rhythm, and force of cardiac contractions were ob- 
served in the patient with NCA to be preceded by, or associated with, excitation 
of the sjTupathetic nervous system. This phenomenon was observed during a 
natural exacerbation of tlie sjuidrome or following the administration of suitable 
drugs. 

4. Evidence was obtained which suggested that the excitation of the sym- 
pathetic nervous system, preceding or associated in a causal fashion with the 
cardiovascular manifestations of neurocirculatory* asthenia, resulted from hypo- 
thalamic discharge. 
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PULi\IONAIiY STENOSIS WITH INTACT INTERYENTKICULAK 

SEPTIBI 

Report of Eleven Cases 

James H. Currens, M.D., Thomas D. Kinney, IkI.D., and 
Paul D. White, M.D. 

Boston, Mass. 

^ t 

S tenosis of the pulmonar 5 - valve is encountered quite frequently in infants 
and young adults with congenital heart disease and is usually associated with 
the other three components of the tetralogy of Fallot, namely, interventricular • 
septal defect, transposition of the aorta, and hypertrophy of the right ventricle. 
In ]\Iaude Abbott’s^’ series of 1,000 eases of congenital heart disease, pulmonarj’’ 
stenosis was associated with an interventricular septal defect in eighty-five cases 
and, in thirty-four of these, the foramen ovale was also patent. However, in 
twenty-five other cases, she found pulmonary stenosis associated i\dth an intact 
interventricular septum; sixteen of these demonstrated patency of the foramen 
ovale. Pulmonary atresia is not considered, because it is of little clinical sig- 
nificance and is usually incompatible with life. Thus, according to Abbott's 
findings, at least two patients in seven with pulmonary stenosis will not have a 
ventricular septal defect, but this has not been adequately recognized in general 
or, even as a rule, by cardiologists, themselves. 

Interest in pulmonary stenosis with intact interventricular septum was 
stimulated recently by the observation of three such cases. The clinical diagnosis 
was in error in two of the cases while, in the third case, a correct diagnosis was 
made. Search of the autopsy protocols of the Boston City Hospital, ilassa- 
chusetts General Hospital, and Children s Hospital revealed a total of eleven 
cases in which puhnonarj^ stenosis was not associated with a ventricular septal 
defect. An analysis of these eases with the pertinent physical and anatomic 
findin gs, together with the available electrocardiograms and roentgenograms, 
form the basis for this report. A few remarks concerning etiology likewise seem 
appropriate. 

Case 1 (E. J., 39805). — The patient was a 32-j-eaT-old boy, first* seen in the Outpatient 
Department of the 'Massachusetts General Hospital in April, 1937, when he was referred from 
the Children’s Hospital. In March, 1929, at the age of 4 years and 4 months, he had been 
examined in the Cliildren’s Hospital, at wliich time some cyanosis of the fingers and lips, but 
no clubbing of the fingers or toes, was observed. The blood pressure at that time was 110/60. 

From the Cardiac Clinic of the Massachusetts General Hospital and the Mallorj* Institute 
of Pathologj’ of the Boston City Hospital. 

Received for publication March 19. 1945. 
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Tho liemoglobin. was 55 per cent and the red blood cell count was 4,08 million per cubic 
millimeter. His mother had noted some cyanosis of the face and internal strabismus since 
the age of 3 j-ears. In October, 1030, a definite bulge was noted in the precordial repon, and 
he was obsen-ed to be somewhat dyspneic on exertion. In April, 1932, his hemoglobin was 95 
per cent; his red blood cell count was 5.7 million and his white blood cell count was 13,000 
per cubic millimeter. The diagnosis of the tetralogj- of Fallot was thought to explain best 
the congenital anomaly of the heart. In Alay, 1930, an electrocardiogram was taken which 
revealed evidence of marked right ventricular enlargement. He had been treated at the 
Alassachusetts Eye and Ear Infirmary, from the time he was S until he was 12 years of age, 
with optical glasses for internal strabismus, with good results. 



Rip. I. — The electroatrdloprani.s of four patient.-; with rmlmonarj- stenosis. A, Case 1. 
tracings made In 1937 and 39-11 were essentially the samr. The high degree of right 
deviation, inversion of T waves in Ijoads II. Ill, and IVP, and prominent P w.aves should 
TC notf-fl. JS. Case 2. Tlic high degree of right axis deviation Ks app.arcnt ; the Q waves In 
, .5 prominent and measure 6 inllllinetcr.s. The T wave In Lead III Is iso- 

clcctnc. C, Case 4. Tiiere Is no evidence of right ventricular .“tniln in this tracing. It la. 
r.owcver. similar to the change:; seen In some cases of pellagra.” The short r-R Interval and 
iPJTx T- should Iw’ noted; the T v.-avc in I>ead I I.s slightly inverted. T) (April S, 1937) 
6, 1941), Cii.«e 0 . The tr.-.cing Is quite similar to that of Ca.se 1. Auricular flbrll- 
1-ttion dev»)or«-d slio.rtl.v before death (B). 


Ihe phy.-ical examination revealed a small, intelligent, blond male, exhibiting mild 
cyaao.sis of the iip®, cheeks, nnd fingers, with .'light clubbing of the finger.'. The left border 
of dullness was S cm. to the left of the midsternnl line in the fifth intercostal space, 1 cm. 
beyond the middaviculnr line. There wa.' a moderately loud, but not intense, rough sy-stolic 
murmur in the pulmonic area, with a very slight thrill; the murmur was heard al.'o, le.'.' 
lourliy, Gt the tip6.t. The second .'oand at the pulmonic area was of good quality and was 
in intenaitv to the aortie .wond sound The hlniirl r>roesnrA «•)« fl.1/7n Tho r.5o/.frn. 
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In December, 1911, the patient was brought to the bospifnl because of severe pain in the left 
side of the cliest, followed by nausea and vomiting. The x-ray dim of the chest (Fig. 2, B) 
demonstrated a partial left pneumothorax. The pain subsided after one day, and he returned 
home. In April, 1942, the cj-anosis and clubbing were described as marked. The patient was 
clearly undersized for his age, weighing 84 pounds and measuring 5 feet, 4 inches in height. 
A slight venous pulse was noted in the neck at thi-s time. In August, 1942, the hemoglobin was 
22.7 Gm., and the red blood cell count was 8.65 million per cubic millimeter. In September, 
1942, he was mostly confined to bed, after several episodes of fainting, which were followed by 
moderate dyspnea. Ho was finally admitted to another hospital where he died, with moderate 
respiratorj- failure, in Xovember, 1942. The clinical diagnosis was congenital heart disease, 
Eisenmcngcr’s complex. 

Autop^r/ Findings. — ^Anatomic diagnosis: (1) Congenital cardiac anomaly: (a) fusion 
of the cusps of the pulmonic valve, with marked stenosis; and (b) in.sufiiciency and patency of 
the foramen ovale. (2) Cardiac hypertrophy, the heart weight being 380 grams. (3) Platelet 
thrombus on the pulmonic valve. (4) Chronic passive congestion of liver, spleen, pancreas, 
and kidneys. 

The heart was globular in shape; the right side appeared larger than the left, and the 
apex was formed by the right ventricle. The foramen ovale was patent and admitted a 1-cm. 
probe with ease {Fig. 3, A). Tiie right ventricular wall measured 1.5 cm. in thickne.ss, as 
compared udth 1.3 cm. for th.e uall of the left ventricle. The valves were normal except for 
the pulmonary \alve, whooe cusps were completely fu«ed (Fig. 3, B). The orifice was oval 
and measured 6 mm. in diameter. Attached loosely, at the right side of the opening, was an 
irregularly shaped friable thrombu=, 6 mm. in length. Tlie pulmonary artery was moderately 
dilated, the ductus arteriosus was clo.'-cd, and the interventricular septum was closed. 

Microscojjic examination demonstnited that the small thrombus on the pulmonary valve 
consisted largely of platelets and fibrin. There was no evidence of an increase in connective 
tissiue in the liver, but there was marked congestion of the blood vc.ssels. 

C-VSE 2 (L. il., 401880). — A. 3-month-old female infant entered tho ilassachusctts Gen- 
eral Hospital on May 5, 1943, because of convulsions. Two weeks prior to entrj’, while Ijdng 
in tho crib crjdng, the patient was observed to stiffen suddenly for a moment and then lie 
completely limp, breathing stertorously. This occurred again the day of admission. The 
patient wa.s tho victim of an arduous delivery which lasted four days and was finally terminated 
by rotation and e.xtraction with forcop.s. The patient had had a face presentation and the 
mother, a contracted pelvis. The infant weighed 7(4 pounds at birth, and was said to be 
cjunotic; resuscitation was accompIi.“hcd with difiiculty. However, since birth, no cyanosis, 
dyspnea, or cough had been noted. 

The phy.sical examination revealed an infant who .showed little interest in her sur- 
roundings. The eyes were directed downward to the left and the upper extremities were 
trembling. Tho pupil® wore equal and reacted to light. Tlie heart was enlarged to the left; 
ti.c left border of dullnc«s mea.Mircd 2 cm. beyond the midclavicular line. A loud, harsh 
.“vstolic murmur was heard over the precordium, maximal at the pulmonary area, and was 
also heard over the back. The second heart sound in the pulmonary area was present, but 
ditninhhed in intensity. The blood pre®®urc was 90/40. No cranosis or clubbing was pres- 
f:;t. The al>domen wa.s nonnal and tho deep tendon rctlc.xes were present. Moderate talipes 
vf.ru' v.as pre-ent bilaterally, 

Tho laboratory examination revealed a hemoglobin of 1421 Gra. The erythrocytes nnm- 
}>'rrd 4.40 nuilion and the leucocytes 13,400 per cubic millimeter, Tho blood smear and dif- 
fcrrutitil count were not remarkable. The urinalysis was normal. A tourniquet test was nega- 
tive and the bleeding time was four minutes. The prothrombin time was 17 seconds (with a 
uom'.®! of 1,8 ®ecoad.«). An x-ray film of the slmll revealed evidence of moderate bulging of tho 
foKianel®, The x-ray examination of the chc®t revealed a heart which was moderately en- 
larger!, nr illusirtsted in Fig. 4. The electrocardiogram (Fig. 1, B) showed normal rhythm, at 
a rate of ISO to 160 per minute. The P-K interval measured 0,12 seconds, the Q, and Q, 
dcfi'vtivc.* m''apurcd 6 mm., and there was marked right axis deviation. 

A cerebral '‘ventricular'’ tap v.aa attempted on the driy of entry; it revealed grossly 
blrct-ly fiui'l with r.n erythrocyte count of 5CO,000 per cubic millimeter and xanthochromic 
»-rperr,al?nt Cuid after centrifuging. The total protein of th.e eupernatrint fluid was 2,160 mg. 
|V 7 ctnt. Ano'Ler * * vt atricular ” tap, attempted the following day, yielded similar results. 
A lumbur p-..n'-tnre on May S. 19 {3, revealed gro-.^ly blof-Jy fluid with xanthochromic supor- 
urJsnt fluid. IToKev*T, the fluid removed by lumbar puncture became le-'s bloody and, by 
May IF, the fluid enntained only 20 erythroev-tes per cubic roillirnetcr, and the total protein was 
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(' mg/ per cent.;- The' pressnre,' however, was elevated, rangiiig^from 250 to 400 cm. pf/wkter, 

' ’.'as the initial, pressufci-aad this elevation continued, in spite of lumbar punctures everj*:pne or 
two days. On June 2, a combined lumbar and ‘‘ventricular^^ tap revealed grossly _bloody 
’fluid from Ihe ‘‘ ventricles “ with xanthochromic fluid, while the fluid from the /spinal 
.puncture was clear. Dye, injected into the “ventricular” needle, failed to app^r in the 
lumbar region. On J'uly 8, bilateral frontal exploration with Burr holes was done, and 
bilateral subdural fluid was obtained. The condition of the patient changed little and, on 
July 14, an attempt was made to remove the subdural sacs, but the patient stopped breathing 
during the operation. 
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" Flgr. 3. — The heart in Case 1. A, The right auricle and ventricle are open and the 
.marked hypertrophy of the right ventricle can be seen. The arrow on the left Is placed through 
the patent foramen ovale, while the arrow on the right Is placed through the stenotic pm- 
.'monary,. valve. S, A close view of the pulmonary valve, demonstrating the fusion and scar- 
. rlng of the pulmonary valve leaflets and a small vegetation attached to the superior surface. 
■Moderate dilatation of the pulmonary artery, distal to the valve, is also evident. 
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The clinical diagnoses -were as follows; (1) subdural hematoinUj bilateral; (2) hydro- 
cephalus; (3) cyst of the corpus callosum; (4) talipes varus;, and (5) inten’entricular septal 
defect. 

Autopsy Fitidings . — ^Anatomic diagnosis; (1) bilateral subdural hematoma; (2) congen- 
ital heart disease with pulmonarj- stenosis; and (3) previous operations: (a) bilateral 
frontoparietal exploratory trephining, and (b) right craniotomy, with removal of hematoma 
and its membrane. 

The heart weighed 50 grams, and there was prominence of the right ventricle. The right 
ventricular wall measured 9 mm., and the left ventricular wall measured 7 mm. in thickness. 
The” columnae ■ cameae were hj'pcrtrophied in the right ventricle. The foramen ovale was 
patent, but not' dilated, and there was no evidence tliat any appreciable amount of blood had 






o. u.e niuu ventricle. Tljc tliicJiened cu.n>fi of the pulmonary 
seen ar.'. the rrtarjcyd rtcnccsls of the valve ia apiKirent. Vhn pulnionarr arterj-, 
valve, h mc-Jerat''!}- dSIate-i ami the wall Is Ocileate nn<l thin, 


CURRENS ET AL. : PULMONARY STENOSIS 


497 


been able to pass through it. The valve leaflets of the pulmonary artery were distinet and 
separate^ but there was marked stenosis of the annulus, which measured 1 cm. in circum- 
ference. The valve leaflets w'ere thickened, and the pulmonary artery in the first portion was 
thin and somewhat dilated (Fig. 4, B). The aortic valve was normal and measured 2,5 cm. 
in circumference, and the tricuspid and mitral valves were normal. Each measured 3.5 
centimeters. The interventricular septum was intact and the ductus arteriosus was closed. 
The liver was normal. Sections for microscopic examination of the pulmonary valve were not 
made. 

Case 3 (G. E,, A-303). — 22-year-old, married woman entered the Massachusetts Gen- 
eral Hospital April 20, 1898, complaining of dyspnea and cough of four months' duration, 
which had become progressively worse for two weeks. She had had two cliildren udthout diffi- 
culty; the yoimger was 2 years of age. “Heart trouble" had been present for several years, 
but no history was given of her condition at birth. No history of rheumatic fever was ob- 
tained. 

The physical examination revealed marked cyanosis of lips, cheeks, ears, and nails, and 
moderate cyanosis of the skin over the body. The lungs were normal. The heart was en- 
larged, both to the left and right by percussion, with the left border 1 cm. to the left of the 
nipple line. No thriU was palpated but a harsh systolic murmur was well heard over the 
precordial area. In the third and fourth intercostal spaces, to the left of the sternum, the 
systolic murmur had a higher pitch. The heart sounds at the base were of poor quality and 
the pulmonary second sound was accentuated. The pulse was regular, with a rate of 90 per 
minute, and the respiratory rate was 30. The liver extended 5 fingerbreadths below the 
right costal border and moderate pitting edema was present over the lower extremities. The 
urine examination demonstrated a small amount of albumin. The edema diminished while on 
bed rest, and she 'was discharged, improved, on May 2, 1898. 

On June 22, 1898, the patient re-entered the hospital because of increasing edema and 
dyspnea and right hemiparesis for two w'eeks. Physical examination was little changed except 
for a hemiparesis of moderate degree. She was again discharged on July 7, 1898, considerably 
improved after having received small doses of the tincture of digitalis. 

On July 29, 1898, she returned to the hospital because of increasing dyspnea and 
cyanosis, being unable to lie fiat in bed. A sister was said to have died of heart trouble, two 
weeks before the patient’s re-entry. Physical examination revealed intense cyanosis and mod- 
erate orthopnea. The lungs were normal. The heart sounds were less loud, and the pulso 
rapid and regular with a rate of 120 per minute. The right hemiparesis was less marked, 
and there was little dependent edema. Moderate tenderness was elicited over the liver. The 
cyanosis increased and, by July 31, the cyanosis was extreme, yet the lungs were negative to 
examination. Later the same day, she died. A clinical diagnosis was made of chronic endo- 
carditis with mitral regurgitation and, possibly, congenital heart disease. 

Autopsy Findings . — ^Anatomic diagnosis: (1) stenosis of pulmonary valve of heart, 
congenital; (2) hypertrophy and dilatation of right auricle and ventricle; (3) small, patent 
foramen ovale; (4) mural thrombosis of right auricular appendage, right ventricle, and left 
ventricle; and (5) chronic passive congestion of tlie liver. 

No pleural fluid was found, and the lungs w'ere not unusually heavy. The heart jveighed 
630 grams. The right auricle was unusually large, the cavity being about the size of a lemon. 
The right ventricle was prominent, and the cavity was large. The right ventricular wall 
measured 12 mm. in thiclcness. The cusps of the pulmonary valve were joined to each other 
and were connected with the wall of the pulmonary valve by three small, smooth bands of 
tissue; the appearance was produced of four small cusps, each about one-half the size of the 
aortic cusps. The foramen ovale was open and measured about 5 by 5 millimeters. The left 
ventricle was slightly dilated, but otherwise was normal. The remaining valves were normal. 
The interventricular septum was intact. The liver was not remarkable, except for chronic 
passive congestion. 

Case 4 (E. A. P. E., A5203). — ^A 43-year-old actress entered the Massachusetts General 
Hospital July 8, 1927, complaining of progressive wealtness and weight loss over a period of 
ten months. Since early childhood, the patient had had much indigestion, with intermittent 
episodes of upper abdominal pain, lasting several days and occurring two or three times a 
year. Her appetite had always been fastidious; she had an aversion to meat and seldom ate 
red meat but occasionally ate fish. During the ten months preceding entry, she had also noted 
generalized edema and ascites, with some hj'perestliesia of the skin and frequent drencMng 
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niglit sweats. For the same period of time, she had had four to six small waterj' stools each 
day, a sore mouth, and dark, red, circumscribed areas over the dorsum of each hand, varying 
from week to week. For an indefinite period, some loss of memory and mental confusion had 
been present. There had been no history of dyspnea, cyanosis, or heart disease. 

The physical examination revealed a fairly well-nourished, middle-aged woman with 
generalized anasarca and cutaneous h\*peresthesia. The face was edematous, and the skin 
and lips were moderately cyanotic. The tongue was red and raw and, over the dorsum of each 
hand, was a dusky red discoloration %rith a good deal of crustation. The lungs were normal 
to auscultation. The heart size was difficult to discern by physical examination. The heart 
sounds were of good quality and a loud systolic murmur was heard in the second and third 
intercostal .spaces, to the left of the sternum. It was well heard over the posterior chest. 
A short rough distolic murmur was also faintlj- audible at the pulmonic area. The pulmonary 
second sound was of good quality and equal to the aortic second sound. The blood pressure 
was not measured because of the edema and hypcrcsthe.sia of the skin. The pulse rate on 
entry was 100 and varied from 90 to 120 during the hospital stay. The abdomen was distended 
and a large, irregular mass was palpable in the upper abdomen in the region of the liver. The 
lower extremities were quite edematous and the deep tendon reflexes were hyperactive. 

The laboratory data revealed a hemoglobin of 85 per cent; the red blood cell count 
was 5 million and white blood cell count was 12,000 to 18,000 per cubic millimeter, with a 
normal dificrential count. Tlie urine examination was normal. Blood chemical studies re- 
vealed the following: nonprotein nitrogen, 42 mg. per cent; sugar, 117 mg. per cent; and total 
senim protein, 0.1 Gm. per cent. A "portable” chest x-ray film revealed a slight prominence 
of the pulmonary conus but no appreciable enlargement of the heart. An electrocardiogram 
demonstrated a sinus tachycardia of 120 per minute, slightly depressed S-T, segment, flat T 
waves in Leads I and II, a low T, wave, and a P-B interval of about 0.10 second (Fig. 1, C). 

Daring the first ten days, the patient received 0.2 Gm. of digitalis every day, without 
any appreciable improvement. A high-vitamin, nutritious diet was likeudso given without any 
.striking benefit. She was, at times, confused while in the hospital but, at other times, was 
very lucid. An abdominal paracentesis on July 21 yielded 2 liters of lemon yellow, eloudy 
fluid, with a specific gravity of 1.010. The diarrhea continued, her mental confusion in- 
crca.scd, and generalized edema became worse. She developed a high fever and died on July 
31, 1927, The clinical diagnoses were as follows: (1) pellagra; (2) abdominal neoplasm; 
(.3) slight pulmonic stenosis, probably congenital; and (4) generalized anasarca. 

Autopsy Findings . — Anatomic diagnoses: (1) carcinoma of the ileum with metastases to 
the liver, ovaries, and thoracic duct; (2) pellagra; (3) congenital heart disease, with pul- 
monary stenosis; (4) chronic passive congestion of the liver; and (5) ascites. 

About 500 c.c. of slightly cloudy, blood-tinged fluid were present in each pleural cavity. 
There was moderate congestion of each lung, particularly in the lower lobes. The heart 
weighed 2G0 gram®. The right ventricular wall measured 0 mm. in thickness and was defi- 
nitely hypertrophied. The left ventricular wall measured 1.9 cm. in thickncs.s, and the col- 
umnao cameae and the ventricular cavity were normal. The pulmonary valve measured 4.5 
cm. in thickness and was moderately stenotic. The valve edges were thicker and more fibrou.s 
than normal. The surface of the valve was smooth. The mitral, tricuspid, and aortic valve.s 
were normal. There was marked chronic passive congestion of the liver with .some atrophy of 
the livcT-ccll cords. 

C.vi-’K 5 (P. S., A-2753). — ^A 30-year-old salesman entered the Massachusetts General 
Hospital Dee, 22, 1910, complaining of chills, fever, headache, and cough for four days. 
Ti.e family history was irrelevant. .Since infancy ho had noted dyspnea on exertion, but this 
had never b<'f'n suflicient to confine him to bed. He had also noted a bluish diM'oloration of the 
skin at times sinee infancy, nhirh was especially noticeable whenever he became chilly. At the 
age of 23 year', the patient had rheumatism. In August, 1910, ho wn.s seen in the Medical 
Outpatient Department where a diagnosis of mitral regurgitation wn^ made. The hands were 
noted to be cold and blue at tlu« time. During tiie si.x months before entry to the hospital, 
the dv'-paca on exertion had increased. He had not been in bed before entry to the hospital. 

The phpwal examination, on entry, revealed a fairly well-developed man who coughed 
frequently. Thf extrcmitift.A and ears were cold and deeply cyanotic. The cyano-is decreased 
apprts'iabiy after be l.e-^aric wanme,'. There wa= no clubbing of the fingens or toes. The 
fccart vva; found to l>f* enlarged, with a difituse impuDc over the precordium, palpable as far 
3 cm, to lbr> l«ft of Iho nipple line in the fifth intercostal space. The left border of dull- 
wa' 2 err. to the left of the nipple line in the sixth inte.-costal space. Tliere was a pro- 
trc-rdial sw-tclic .murmur v bids wji« ije, t heard in the tiiird and fourth intorcostal spaces to the 
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left of the sternum and was transmitted to the nech' left axilla, and back. The pulmonary 
second sound was fairly forceful, but indistinct, soft, and rather obscured by the systolic 
murmur. The aortic second sound was not heard. The systolic blood pressure was 105 mm. 
Hg, systolic, and the diastolic was indistinct. The pulse was regular and Tull, with a rate of 
100 per minute. The chest examination revealed only a few moist rales at the base of each 
lung and in the axilla, without bronchial breath sounds. The abdomen was negative. 

The laboratory studies demonstrated a hemoglobin of 90 per cent; the white blood cell 
count was 17,700 and the red blood cell coimt was 5.8 million per cubic centimeter. The urine 
contained 3 plus albumin and a moderate number of granular casts. The sputum was like 
prune juice and contained pneumococci. The temperature was 10i° F. 

The day after entry, broncliial breath sounds and egophony were noted over the right 
upper and middle lobes of the lung, with numerous moist rales. The cyanosis increased, 
and his fever remained at 104° F. He became delirious and died two daj's after entry. The 
clinical diagnosis was lobar pneumonia, chronic mitral endocarditis, and a question of con- 
genital heart disease. 

Autopsy Findings . — Anatomic diagnoses: (1) lobar pneumonia, right lung; (2) chronic 
pleuritis, right; (3) stenosis of the pulmonary valve, congenital; (4) fibrous endocarditis of 
the tricuspid valve, with slight stenosis; (5) hypertrophy, and dilatation of the heart; (6) 
defective closure of the foramen ovale; (7) chronic passive congestion. 

The heart weighed 430 grams. The right ventricular wall was greatly thickened and 
measured 10 to 15 mm. in tliickness. The right auricular wall was also thickened and the 
columnae cameae were markedly thickened. The right auricular cavity was large. The pul- 
monary valve was about 5.5 mm. in diameter and about 17 mm. in circumference. The orifice 
of this valve admitted the passage of an ordinary lead pencil. There were tliree cusps which 
showed a moderate amount of diffuse fibrous tliickening, with fusion of the contiguous' cusp 
margins. The pulmonary artery and its branches were small, but the branches in the lung 
were of good size. The tricuspid valve measured 10 cm. in circumference, and the leaflets 
showed a moderate amount of diffuse fibrous thickening which, in places, was quite nodular. 
The mitral valve circumference was 10 cm., and the cusps were slightly thicker than usual, 
but the valve was otherwise normal. The foramen ovale presented an oval defective closure 
about 6 mm. in the greatest diameter. There was moderate chronic passive congestion of the 
liver. 


Case 6 (L. C., 152471).^ — ^A 5-month-old female infant was brought to the Children’s 
Hospital on Aug. 20, 1931, because of swelling of the right thigh and failure to move it for 
four days. The infant’s mother was said to have had heart trouble since early childhood but 
had been able to endure two previous pregnancies without appreciable difficulty in labor. The 
patient had a full-term, normal deliver^', and weighed 4 pounds, 11 ounces. A diagnosis of 
congenital heart disease was made at birth, apparently from the auscultatory cardiac signs. 
For two weeks before entry to the hospital, the child had been somewhat feverish and, on the 
day of entry, mild cyanosis about the lips was noted by the mother. 

The physical examination revealed an apathetic, acutely ill infant with cyanosis of the 
face and extremities.' The neck veins were not distended. Numerous scattered rhonchi and, 
fine, crepitant rales were heard over both lungs. The heart was thought to be slightly en- 
larged, and there was a loud, precordial systolic murmur with a palpable thrill. No diastolic 
murmur was noted. The abdomen was normal, and the right thigh was swollen and held in 
the flexed position. No clubbing of the extremities was noted. A clinical diagnosis of acute 
osteomyelitis was made, but the patient was too ill to be subjected to surgery at the time. 
The temperature ranged from 103.4° to 104.6° F., and the pulse ranged from 120 to 180 per 
minute. 

Laboratory studies revealed a hemoglobin of 65 per cent, a red blood cell count of 4.85 
million, and a white blood cell count of 24,400 per cubic millimeter. The urine was normal. 
Fluid parenterally and supportive measures were of no avail, and the patient died, two days 
after entry. The clinical diagnoses were: (1) congenital heart disease, (2) osteomyelitis of 
the right femur, and (3) broncliopneumonia. 

Autopsy Findings . — ^Anatomic diagnoses: (1) septicemia {Streptococcus hemolyticits) } 
(2) congenital heart disease with stenosis of the pulmonary valve; (3) acute bacterial endo- 
carditis (pulmonary valve) ; (4) edema, generalized; (5) acute glomerulonephritis; (6) ab- 
scesses of the lungs, myocardium, liver, and kidneys; and (7) osteomyelitis, periostitis, and 
epiphysitis of the right femur. 


•Reported by Farber and Hubbard, 1933.® 
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The lieart was prominent in the* region of Uie right ventricle, and the weight was 30 
grams, with an estimated normal weight of 29 grams- The %vall of the right ventricle measured 
7 nun. in thickness, as compared to that of the left ventricular wall which measured 8 milli- 
meters. The right auricle and right ventricle were slightly dilated. The foramen ovale was 
closed, and the interventricular septum was intact. The pulmonary ring was markedly stenotic 
and measured IG mm. in circumference. The pulmonary cusps were somewhat thickened and 
the surfaces roughened. The pulmonary' artery was of normal size. On the anterior leaflet 
of the pulmonary valve, attached to the surface next to the pulmonary' artery, there W'as a 
small, irregular, fre.'h fibrinous vegetation, 1 by 3.5 by 2 ram., wliich was firmly attached to the 
valve surface. No other vegetations were seen and the tricuspid mitral, and aortic valves 
were normal. 

Microscopic examination of the pulmonary valve revealed thickening of the valve, with 
.‘•ome increase in connective tissue. In the vegetation attached to the valve, numerous cocci 
were demonstrable. No scarring was seen in any of the other valves, or in the myocardium. 

Case 7 (H. C., 13901). — A 5-month-old male infant was brought to the Cliildren’s 
Hospital on May 23, 1925, because of constant erring and cyanosis of the skin. For ten days 
following birth, the patient was said to have been a blue baby. He was noted to be cyanotic 
following this, but the cyanosis was not very prominent except during crying. 

The physical examination revealed a poorly-developed and poorly-nourished male infant, 
appearing mentally alert. The skin revealed moderate cyanosis, but no clubbing of the ex- 
tremities was noted. The mucous membranes of the mouth became very cyanotic during 
crying. The lungs were normal by percussion and auscultation. The heart w'as thought to be 
enlarged to the right, and a loud prccordial systolic murmur, not rough, was noted; thi.s 
murmur was transmitted to the left axilla and the left side of the chest posteriorly. The 
second pulmonic sound was decreased, and a thrill was palpable at the base of the heart in 
the pulmonic area. The heart rhythm was regular, and the rate was 14S per minute. The 
abdomen was normal. The extremities were normal, except for the cyanosis. A teleroent- 
genogram of the chest revealed an enlarged heart shadow', measuring transversely G.5 cm., but 
there was no characteristic configuration or abnormality in shape. 

The laboratory studies revealed a hemoglobin of 115 per cent, a red blood cell count of 
B.75 million, and a white blood cell count of 19,800 per cubic millimeter w'ith 64 per cent 
lyinphocries, 34 per cent poh-morphonnclears, and 2 per cent monocries. Urinalysis was 
negative. 

There was no change in the course of the disease until Juno 13, when he developed fever. 
A Idood culture two days later contained a pure culture of streptococci. Signs of sepsis 
progressed, and he died June 19, 1925, 

.Intopsy Findings . — Anatomic diagnoses: (1) stenosis of pulmonary valve of the heart, 
(2) coroaury sclerosis, (3) cardiac h^'pertrophy, (4) chronic passive congestion of the viscera, 
and ('}) bronchopneumonia. 

The heart was moderately enlarged and prominent in the region of llio right \'cntriclo. 
The right ventricular wall measured 1 cm. in thickness. The interventricular septum was intact 
and the foramen ovale was closed. The pulmonary ring was quite markedly stcnosed and 
measured -» mm. in circumference. There was moderate sclerosis of the coronary' arteries. 
The pulmonary vaUn was not examined microscopically. The liver showed moderate chronic 
pa“»ive conge.'tion, but there wa.s no evidence of scarring. 

C.AS's 8 (D. L.. 1.34-120). — A lo-year-old boy was admitted to the Cliildren's Ho.spital in 
.tpril. 1930, ln^musc of weight lo.’^s of two weeks’ duration. In the preceding two years, 
there Lad br-,*n intermittent edema of the genitalia and extremities and marked mottling of 
t!.c s’-;in on expo-ure to the cold. 

The physical examination revealed an emaciated boy with a barrel-shaped chest and a 
mark'^il dcpriv-^ion of the sternum. There was moderate scoliosis of the dorsal .spine. Evi- 
(h'r.cv of fluid wa® found in the left side of the chest. The heart sounds were of good quality, 
r.nd both syrtolie and diastolic murmurs were dcscrilwd over the precordium. The spleen was 
enlargc-d, and pitting cdem.a of the lower extremities was quite marked. 

The l.-.liomtory studms revealed a normal uriae, except for a Grade 1 alhuminuria. The 
hfmoglobia wr.? 12-5 p-c-r cent {SaMi); the r&l blood cell count was 0,230,000 and the white 
cell eoKUt w.as 9,050 per cubic millimeter, with a normal diffcrenfinl count. There was 
no fe-ver. The x-ray films of the chest revealed evidence of a considerable amount of fluid 
in the left lower Ititcrnl che-t. The h^’art wa.= markedly enlarged and displaced to the right. 
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A ratlier, fiocculent ■' congestion or edema of the lungs was described., ' Thirty cubic 
centimeters of bright, sanguineous , fluid .was removed from the left side of the chest by 
thoracentesis. It was thought at . the time that the pleural fluid on the left was diie, to con- 
gestive heart failure. * . - 

On March S, 1937, he was readmitted to the hospital. At this time there was observed 
little physical development over that of his previous entry. Six months before re-entiy, ho 
had had his appendix removed under local anesthesia at another hospital. His complaints 
on the later entry -were dyspnea and edeina of the legs. A large amount of fluid was removed 
from the left side of the chest, on entry, a culture from which revealed Siaphylococcus aureus. 
On March 14, 1937, the heart was found to be enlarged, and both systolic and diastolic mur- 
murs we're described, indistinct at the apex, and loudest in the hollow of the deformity of the , 
chest. A thrill was palpated over the lower end of the sternum, and the pulmonary second 
sound equaled the aortic second sound in intensity, although it was not accentuated. The 
liver was moderately enlarged. The fingers were long, but there was no clubbing. 

The hemoglobin, on this entry, was 90 per cent; the red blood cell count was 4,900,000 
and the white blood cell count was 22,100 per cubic millimeter. 








v'r.w-' 






Pig^. 5. — The heart in Case 8. A, The right ventricle is open to demonstrate the moderate 
stenosis and scarring of the pulmonary valve and ring. The scarred tricuspid valve with the 
thickened chordae tendineae can he seen. The hypertrophy of tlie wall of tlie right ventricle is 
also apparent. B, The left ventricle and auricle are open to demonstrate the abnormal mitral 
valve, with thickening and shortening of the chordae tendineae. The fenestration of the septum 
secundum is also apparent. 

He was then discharged home, where he carried out simple activities but was bothered 
by orthopnea and an occasional slight rise in temperature. He was re-admitted to the hospital 
on March 30, 1937, where a rib resection was carried out two days later. Following this op- 
eration his temperature remained elevated, the pulse became fast, and he died on April 6, 
1937. . . ■ ' 

Autopsy Findings . — Anatomic diagnoses: (1) bacteriemia, Str. Jiemolyticus ; (2) con- 
genital heart disease with : (a) stenosis of the pulmonary valve, (b) absence of one coronary 
artery, (c) fenestration of the aortic valve leaflets and septum seeimdum, (d.) hj-pertropliy of 
the right ventricle, (e) network of Chiari, and (f) scarring of the tricuspid, aortic, and 
mitral valves; (3) bronchopneumonia; (4) chronic pleuritis and empyema, left, old; (5) focal 
necrosis of, the liver with bile stasis and periportal cirrhosis; (6) chronic passive congestion, 
generalized; and . (7) pulmonary edema. 
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Tlie heart was moderately enlarged, and the right ventricle was hj-pertrophied. The 
foramen ovale was closed, and the interventricular septum was intact. Tlie pulmonary valve 
was moderately stenosed and measured 2.5 cm. in circumference, as compared with 3.5 cm, 
for tho aortic valve circumference (see Fig. 5). The valve leaflets were tliickened and Arm. 
The individual leaflets were long, with deep crvptlihe sinuses behind each one. The tricuspid 
valve was thickened, and the chordae tendineac were thickened and measured 1.2 cm. in length. 
Tho mitral valve was similarly affected (Fig. 5, B), but there was no stenosis of the valve, 
Tiiere was thickening of the leaflets of the aortic valve, but no stenosis was produced. Sev- 
eral small fenestrations, measuring 1 to 3 mm,, were present in tbe anterior and posterior 
leaflets of tlie aortic valve and in the septum secundum (Fig. 5, B). 

Microscopic examination of sections, taken from the pulmonary valve annulus, revealed 
abundant, highly collagenous connective tissue. Slight vascularization of this tissue was 
pra=ent, and an occasional vessel was surrounded by lymphocytes. Tho portal veins and 
sinusoids of tho Hver were congested, and there was quite a marked increase in the periportal 
connective tissue. Strands of connective tissue extended from one portal area to anotlicr. 
Moderate infiltration of this tissue with lymphocytes, monocytes, and a few polymorphonu- 
clcav leucocytes was present. 


Case 9 (B. C. H,, 1014034).* — A 20-year-old white girl was first admitted to tlie Boston 
City Ho.'pital in Sfarch, 1937, with a complaint of dyspnea on exertion of one year’s duration. 
She had not been a "blue baby” and had no history of rheumatic fever or joint pains. 

Tho patient was well nourished and moderately well developed. There was visible 
pulsation of the cervical veins. The heart was enlarged to the right and left, and tho point 
of maximal impulse was in tho fifth intercostal space, 10 cm. from the midsternal line, Tho 
right border of cardiac dullness was 4 cm. from the midsternal line in the fourth intercostal 
space. There was a precordial bulge, with a palpable systolic thrill felt along the left border 
of tho sternum. There was a har.^h, liigh-pilchcd systolic murmur with tho point of max-imum 
intensity at the second intercostal space, to the right of the sternum. It was transmitted 
widely, over tho prccordium, and upward, along the left side of the neck, and, slightly, along 
tho right side of the neck. There was also a systolic ‘ ‘ shock, ’ ’ palpable over tlie prccordium. 
A loud systolic murmur was heard over the spine and upper chest posteriorly. Tho blood 
pre.«bure measured 114/82, and tho lungs wore clear to examination. The abdomen was nor- 
mal. There was moderate pretibial and ankle edema. 

During her hospital stay, the laboratory data were as follous: hemoglobin, 82 per cent; 
red blood cell count, 3.75 million, and white blood cell count, 9,C00 per cubic millimeter; 
sedimentation rate, 5 mm. per hour; blood Hinton test, negative; and urine normal, W'ith a 
specific grarity of 1.020. Ko growth was obtained from two blood cultures. A teleroent- 
genogram of tho chest was intrepreted as showing cardiac enlargement with a marked ” rheu- 
matic” deformity, Tho pulsations were poor during fluoroscopy. Electrocardiogram showed 
a normal sinus rhythm and a high degree of right axis deviation. The S-T segments were 
depressed in Leads II and m, and the T waves in the same leads were inverted (see Fig. 1, 
D and F). 

She was placed on bed rest, and fluids were restricted while in the hospital; the edema 
siibBidod rapidly. She was discharged after two weeks, considerably improved. 

The patient next rclnmed to tho hospital in December, 3938, eighteen montlis later. 
Six wcelts before this admission, she had first noticed swelling of the abdomen followed by 
c-dc:na of the ankles. In addition, she had had gradually increasing dyspnea on exertion. 

tThcn examined she appeared well nourished with slight orthopnea, but vrithout cyano.sis. 
The neck veins were distended. Over tho left lower chest po.'deriorly, there was dullness to 
pereus-ion, diminished voice and breath sound,®, and a few, medium, coarse moist rales, Tho 
heart findings were essentially tho same as on the previous entry. Shifting dullness and a fluid 
wave were demonstrated in tho abdomen. The liver and spleen were not felt. There was mod- 
erate pitting cde.'na over tho saemm and ankles. 


The Tcaouo pressure in the arms was 30 cm. of ^vater and that in the legs, 33 cm. of 
water. Tim ckctrocirdiogram had not changed appreciably. The x-ray heart .“liadow was dc- 
fcnh-A] ax globiil.ar in «liispe and some increased density was noted in the left lower chest, 
whwh '.vr.'s thongs, t to lw‘ doc to fluid. By fluoroscopic examination, marked symmetrical en- 
largement of the Isc-art was noted. The cardiac pulsation in the region of the left ventricle 
rr.' to nb-mt, while the jufisation in the region of the right ventricle was described 

no slight. 


1 of ttVxlcr an4 n’ns, I54i.< 
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The patient was treated with digitalis, Salyrgan, restriction of fluids, and rest in bed. 
The edema and ascites gradually disappeared, and she became less dyspneic, but the neck 
veins remained distended. The cardiac shadow did not change in size or contour during this 
time. ' She was discharged on the twenty-fourth day of her hospital stay with instructions 
to continue taking digitalis and gradually to resume moderate activity. 

The patient again entered the hospital in October, 1940, because of increasing swelling 
of her abdomen and dyspnea. She had been taking 0.1 Gm. of digitalis daily, since her 
previous discharge and had restricted her physical activity. If the patient remained in bed, 
the size of her abdomen decreased; if she attempted to resume any activity, the ascites would 
sometimes return. The patient had not noted cyanosis, and her ankles had not beem swollen. 

The blood pressure was 110/72; the pulse rate was 92 per minute; the respiratory rate 
was 24; and the temperature was 98.6° F. The heart signs and sounds were essentially the 
same as during the previous admission. There were ascites and sacral edema but no ankle 
edema. 

The laboratory studies revealed a hemoglobin of 85 per cent, a red blood cell count of 
4.15 million, and a white blood cell count of 6,700 per cubic millimeter. The total protein 
varied between 5.3 and 5.7 Gm. per cent. The urine contained albumin, 1 to 3 plus, and many 
white blood cells in clumps. The venous pressure in the arms was 31 cm. of water on admis- 
sion, and it gradually dropped to 19 cm., on discharge. The circulation time, by the sodium 
cyanide method, was 50 seconds, on admission, and 30 seconds, on discharge. Electrocardio- 
grams and teleroentgenograms of the chest showed no significant changes from those of the 
previous entry. The basal metabolic rate wms -2. Wliile in the hospital she received 0.1 
Gm. of digitalis every day, mercupurin, 2 c.c. every other day, and rest in bed. She repeatedly 
had reactions to mercupurin, wliich consisted of a feeling of faintness, transient dyspnea, and 
a feeling of impenidng disaster for a few minutes after the injection, wlrich was always given 
slowly. On this regime she improved, although the ascites never completely subsided. She 
was discharged after fifty-two days. 

In May, 1941, the patient had her final hospital admission because of dyspnea and ab- 
dominal sweUing. Physical examination showed a thin girl wth evidence of moderate loss 
of muscular substance, particularly over the upper part of her body. The heart findings were 
much the same as before, and she also had signs of fluid in both pleural cavities. Her ab- 
domen was greatly distended with fluid. 

The laboratory and clinical data were much the same as before, including the venous 
pressure values and circulation time. In addition, the total serum protein was 4.8 Gm. per 
cent; the globulin was 2.4 Gm, per cent, and the albumin was 2.4 Gm. per cent. Uro- 
bilinogen determinations 'in the urine varied between 1:1 and 1:8, the hippuric acid excre- 
tion was 1 Gm. in four hours, and the prothrombin time was 36 per cent of normal. The 
bromsulfalein test showed 90 per cent retention in five minutes, 45 per cent retention in 15 
minutes, and 20 per cent retention in 30 minutes. 

She was placed on bed rest and given digitalis and Mercupurin. In the middle of the 
second hospital month, auricular fibrillation appeared for the first time (Pig. 1, E) and 
was present thereafter. The ascites and pleural fluid persisted and at the end of the third 
month, a right thoracentesis was performed with recovery of clear yellow fluid. Culture of this 
fluid yielded no growth. One week later, 12 liters of a similar clear transudate fluid were 
removed slowly by abdominal paracentesis; this fluid was likewise sterile to culture. There 
were an estimated 6 liters left in the abdominal cavity. Fluid slowly reaccumulated in the 
right side of the chest and abdomen. The right side of the chest was again tapped, a few 
days later, and 1,200 c.c. of clear fluid were removed without incident. About two hours 
later, Mercupurin was given intravenously, as had been done on many previous occasions, and, 
directly after the injection, the patient ^s breathing became rapid and shallow. After a few 
seconds she developed acute opisthotonous, the heart stopped beating, and she expired. 

Autopsy Findings . — ^Anatomic diagnoses: (1) pulmonary stenosis, congenital, with 
marked hypertrophy of the right auricle and ventricle; (2) mural thrombus, right auricle; 
(3) cirrhosis of the liver; (4) ascites and hydrothorax, right; (5) chronic passive conges- 
tion of viscera; (6) fibrocaseous pulmonary tuberculosis, involving the right apex, diaplrrag- 
matic pleura and traeheobroncliial Ijunph nodes; (7) hj-perplasia of red cell series of bone 
marrow; and (8) healed perisplenitis. 

The body was that of an underdeveloped, poorly nourished white girl. There was no 
peripheral edema. Five liters of clear yellow fluid were present in the peritoneal cavity and 
300 c.c. of similar fixiid were found in the pericardial cavity. Two liters of blood-tinged fluid 
were present in the right pleural cavity, and the pleural surfaces were coated with a thin 
film of friable, gray-green purulent material. This was most marked over the surface of the 
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diapbragm- Tlio bcart weigbed 3F0 gram*!. The edges of the cusps of the pulmonarj’ \-alve 
•were fused so that the \aLc opening measured but 0.5 cm. in diameter. The valve edges were 
’ slightly thickened but were smooth and showed no cmdence of calcification or of inflammation 
(Fig, G), The bodice, base®, and commissures of fho valve were not remarkable. The pul- 
monic ring at the base of the vaUc mea'^ured 5 cm. in circumference. Microscopic sections, 
taken from the ba-.e of a pulmonary valve cusp. .<-howcd no tihnormaUtics. The right ventricle 
was hj-pertrophied, so that the '»\all measured 1.8 cm. in thickne=s. TJie papillary muscles 
were somewhat flattened and the ventricle appeared dilated. The right auricle was markedly 
dilated and, attached to the wall of the right auricular appendage, ■uas a soft gray-red 
fhrombuc. The nail of the left vontrielc measured 1 cm. in thickness, and the chamber was 
not remarkable. Tlie left auricle was not enlarged. The tricuspid, mitral, and aortic valves 
and flic coronary vc.‘-‘»eK -were negative. The right lung neighed 200 granw. Tliere was a 



Fifr. C— Tl.c Jirart in Ca«f fl. with the rinht ventricle open. The marked hypertrophy 
of the rinht \‘ntncul!ir wall (ILV.) 1= apparent- The pulmonary valve leafletn were fu.sea 
ic-scthtr forming n dome at the top of which was the small aperture (P.V.) The pulmonary- 
annulus na-i not rnrticul.arly utenosed. 


firm, gray nodule O.-l cm. iti diamclcr at if.s apc.v, nhich, on hi-tologic C-vamination, showed 
typuc.al fibrcK'.'u-cous tub''rculo5i'=. TIic tracheobronchial lymph nodes were moderately en- 
largcii and contained enc^ou* noduleo, which were also demonstrated by histologic sections 
to be due to tul>Tculo-i=i. The left lung weighed 120 grams and nas negative upon c.xara- 
inatson. The liver weighed^ 1,000 grams. The surface was red brown in color and coarsely 
and irregularly mdular. The parcnchj-ma was divided into rough, irregtilar nodules by bands 
cf fl.-rn, prny-wbitc f.brou« tis-uc. Slicro'copic examination showed extensive replacement 
of n-.cr eclis by bn-t/] b'ltnls of .‘■'ar ti3=uo. There was marked corfgc-tion about the central 


vein', and the l.vcr celU around tt'anv- of these veins were replaced by fibrous tissue. Tho 
n. Wfighofl luJ gTOT* and v;,-« firm in con«i-tcncy. Tlie combined weight of the kidneys 


T5 (. f me n’nrrcT 


Xn ftbnornal changes were found on groa= and miero=copic examinations, 
rr.oicratc In-perpliaja of blood (cll» <)f the ertihrocvtic seric®. 
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Case 10 (A. W., A09-107). — A 34-year-old housewife entered the Boston City Hospital 
in May, 1906, because of dyspnea, abdominal swelling, and edema of the lower extremities 
of three months’ duration. 

At the time of admission, the temperature was 98° F.; the pulse rate wms 100 to 140 per 
minute j and the respirations were 25 to 40. The patient was well nourished and of normal 
development. Edema was described as generalized, and the patient suffered from dyspnea 
and orthopnea. There was moderate exophthalmos. The neck veins were slightly distended. 
The heart was percussed 4.5 cm. to the right of the sternum. The upper and left cardiac 
borders could not be identified. The apex beat was f elt Jn the sixth intercostal space, slightly ^ 
to the left of the midclavicular line. The heart action was irregular in force and rhythm. 
The first heart sound was. sharp and was preceded at the apex by a presystolic "roll.” There 
was a ringing second sound at the base, just to the left of the sternum. A presystolic thrill 
was felt at the apex, and a systolic thrill was present at the base and, at times, over the en- 
tire precordium. There was a loud systolic murmur heard at the base of the heart and this wms 
most marked just to the left of the midsternum. There were a systolic murmur and a diastolic 
bruit at a point slightly below the middle third of the left clavicle. A to-and-fro pericardial 
friction rub was heard at the apex and, at times, over the midprecordium. The radial pulses 
were small and irregular in force and rhythm. The cardiohepatic angle was normal. There 
was slight dullness to percussion over the posterior portion of the right lower lung, and moist 
rales were heard by auscultation of the right base. Anteriorly, the entire left lung was flat 
by percussion, and there was distal broncliial breathing and absent tactile fremitus. The 
posterior portion of the left lung was dull by percussion over the upper half; the lower 
half was flat by percussion, and the breath sounds were diminished. An occasional moist rale 
was present at the left lung base. The abdomen was distended and tense. The abdominal 
wall was edematous. The flanks were flat, when percussed, and a fluid wave and sliifting dull- 
ness were demonstrated. The liver was palpated 4 fingerbreadths below the right costal 
margin. There was marked edema of the legs. Several superficial excoriations and ulcerations 
were present on the right lower leg. There was a papillary eruption about the elbows and 
On the back. The knee jerks were not obtained. 

Urinalysis revealed a specific gravity of 1.012, a slight amount of albumin, and numerous 
hyaline and granular casts. 

The patient was given digitalis. On the second hospital day approximately 2,000 c.c. 
of fluid were removed from the left side of the chest. The patient’s condition improved 
for a few days but then became progressively worse; she died on the twelfth hospital day. 

Autopsy Findings . — Anatomic diagnoses: (1) pulmonary stenosis, congenital, with 
marked hypertrophy of the right auricle and ventricle; (2) mural thrombus (right auricle) 
ball thrombi, (left ventricle) obliterative pericarditis; (4) congestive cirrhosis of the liver; 
(5) ascites (bilateral hydrothorax) ; (6) atelectasis (left lung) ; (7) infarct of the right 
kidney; and (8) leiomyomata of the uterus. 

There was marked edema of the lower extremities and moderate edema of the chest 
wall and face. There were numerous sharply demarcated, circumscribed ulcers over the lower 
extremities. The peritoneal cavity contained approximately 3 liters of clear serous fluid. 
One liter of similar fluid was present in the left pleural cavity, while 500 c.c. of fluid were 
present in the right pleural cavitj’. The pericardial cavity was obliterated by dense inelastic 
adhesions, except over the right auricle. The heart weighed 520 grams. The edges of the 
cusps of the pulmonary valve were iuteradherent for approximately one-tliird of their total 
length, with consequent narrowing of the functional opening to 1 cm. in diameter. The valve 
cusps were not tluckened and the valve sinuses were deep. There were a few small areas on 
the free margin of the tricuspid valve wliich were thickened. The leaflets of the mitral valve , 
were slightly thickened, along their line of closure, and along their fiee margins. The aortic 
valve was normal. The right auricle was approximately three times the usual size and was 
markedly dilated. In the auricular appendage was a large, firmly adherent mass of mottled 
red and gray clot. The right ventricle was hypertrophied; its wall measured 1.5 cm. in thick- 
ness, and the papillary muscles were larger than those of the left ventricle. The left auricle 
was not remarkable. The wall of the left ventricle was thickened and measured 1.75 cm. in 
width. Two red and white, laminated ovoid masses, with uniformlj- smooth surfaces, were 
lying free in the cavitj' of the left ventricle. These measured 2 by 1 by 1 and 1 by 1 by 0.5 
centimeters. Throughout the ventricular muscle of both cavities were areas of pale yellow 
and dark red mottling and, in many places, opaque, white, irregular areas. The coronary 
sinus was dilated so that the forefinger could be passed readily through the first few centimeter.*; 
of its length. The coronary arteries were not remarkable. Microscopic sections .showed 
focal areas of replacement of the myocardium by scar tissue. The liver weighed 1,500 grams. 
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Tlio Furfaco was nodular, but soft, and could be cut without undue resistance. The parendiyma 
was mottled with large, irregular areas of dark red and bright yellow, No lobular markings 
could be distinguisbed. The hepatic veins were greatly dilated. 

Jlicroscopic .sections of the liver showed a marked increase in connective tissue. Tiiis 
tissue was arranged, in some areas, in the form of dense circumscribed bands and, in other 
areas, as irregularly branching, dense masses. These masses contained isolated groups of 
liver cells, bile ducts, and blood veEscl.«. The liver sinusoids were considerably dilated and 
many of the liver cell columns were shrunken. 

C.VSE 13 (AV. J. II.). — An 11-year-old boy entered the Boston City Hospital on April 
10, 1910, comidaining of headache and eye trouble of one week’s duration. The headache had 
become progressively worse. Apparently, also for the first time, he had noted mild dy-spnea 
on exertion and cyanosis during the one week before entry. For two days there had been 
moderate drowsiness. The family and past histories were irrelevant. 

The pliysical examination revealed a semistuporous boy who was irritable when dis- 
turljed. Tlicro was paresis of the muscles of the right side of the face and ptosis of the left 
cj’elid. The lungs were clear to examination. The examination of the heart revealed a 
rough .systolic murmur, heard all over the precordium, but it was loudest at the base, where 
there was an associated thrill. There was no paralysis of the extremities. The temperature 
was 99® F. The pulse rate ranged from 60 to 90 per minute, and the respirations were 20 
per minute. AVlicn a lumbar puncture was done, clear fluid was obtained. Two days after 
entry the patient suddenly became cyanotic; the re.spirations became gasping in character and 
then ceased. The heart action continued for a short time after respiratory movement had 
stopped. The clinical diagnoses of brain abscess and pulmonary stenosis were made. 

Axitopsy Findings . — -Anatomic diagnoses: (1) cerebral abscess; (2) pulmonary stenosis, 
congenital; (.I) lyportrophy of the right ventricle; (4) chronic passive congestion of the 
liver and kidneys; and (5) patent foramen ovale. 

The heart was enlarged, weighing 340 grams; there was particular prominence of the 
right ventricle. The left auricle and ventricle were normal. The pulmonary vah'o ring 
measured 4 cm. in circumference while the aortic valve measured 5 centimeters^. The pul- 
monary cusps were uniformly about 1 mm. thick and pre.'-ented unusual stiiTness, with slight 
irregularity. No calcification was found. The cui-ps were fused along the edges so that the 
outlines were ncarlj- obliterated and a buttonhole orifice, 9 mm. long was produced. The 
tricuspid, mitral, and aortic valves were normal. The foramen ovale was patent and measured 
1.1 by 0,3 centimeters. The wall of the right ventricle was markedly thickened and measured 
2.5 cm. across, while the wall of the left ventricle was the usual size and measured I 
centimeter. The interventricular septum %vas intact. The lungs and liver were normal except 
for moderate conge.^tion. In the left temporo-occipital lobe of the brain there was an abscess 
immsuring 4.3 cm. in diameter, which contained foul-smelling pus. Microscopic e.xamination 
of s'vfion.s of the myocardium were negative. 

DISCU.SSION AND COMMENTS 

It is apparent in revieiting the case.s (Table I) that, although the degree 
of pulnionaiy stenosis varied .somewhat, there wa.s moderate to marked stenosis 
of the pulmonary valve, or pulmonary annulus, in all cxce])t Ca.se 4. It is also 
apj)arent tliat the degree of riglit ventricular liypertrophy was a good index 
a.s to the degree of .stenosis. There seemed to be two types of .steno.sis, one of 
which affected, primarily, the pulnionaiy annulus with marked scarring of the 
nnntilu.s and the valve leaflets. Thi.s type of stenosis predominated in nine easc-s. 
The other type was the result of fusion of the edges of the valve leaflets to fonn 
a dome, with an aperture at the peak of the dome. Thi.s was present in tivo ca.ses 
and was best exemplified in Case 9. Similar cases have been reported.-'^’ ® The 
right auri(‘ie was not infrequently dilated and, in three ca.ses, mural thrombi were 
foiirul therein. No patient was ob.seiwed, however, to have suffered from pul- 
monary cmbolisTU or iniaretion. 

The age ineidetu'c varit-d from infancy (tliree cases) to 43 years, although 
in t'le latter ease there was only a mild degree of pulmonary .stenosis. Two pa- 
tients lived to the fourth dee.-jde with quite a high degree of pulmonary stenosis. 
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There was no definite preponderance of cither sex, the females numbered sLx 
and the males, five. 

A systolic murmur was present in each case and there was a high correlation 
between the intensity of the murmur and the degree of stenosis. Tlie intensity' 
of the murmur was usuallj' described as maximal at the base of the heart, along 
the left sternal border in the second and third intercostal spaces. It was also 
well heard, generally, over the preeordium. The intensity of the murmur, to- 
gether with the lack of change of the character of the murmur with change in 
position and re.spiration, enabled one to differentiate it from the common 
physiologic pulmonaiy systolic murmur. The transmission of the munnur was 
likewise important. The murmur was well heard in the ceiwical region, particu- 
larly on the left side, and was well transmitted to the posterior portion of the 
chest and usually maximally in the left lower scapular region. This transmission 
of the murmur would tend to differentiate it from the murmur of a patient with 
jm interventricular septal defect. In the latter case, the murmur is transmitted 
much less well upwai-ds, or to the posterior chest wall. An intcrauricular septal 
defect was considered in the differential diagnosis of the murmur in a few eases 
but the intensity of the munnur was considerably greater in the cases of pul- 
monary stenosis than one would expect in cases with an intcrauricular septal 
defect. A thrill was frequently noted in the pulmonic area and was more fre- 
quent in the cases with the more intense munnur-s. In two cases (Cases 4 and 
8) diastolic munnurs were described in the pulmonic area, which indicated 
some regurgitation through the deformed pulmonary valve. The apical diastolic 
munnur described in Case 10 is difficult to reconcile uith the anatomic findings. 
It i.s possible that ventricular dilatation, as in acute or subacute rheumatic myo- 
cardial involvement without mitral stenosis, might have caused it. The second 
heart sound in the pulmonic area was heard in all the cases, but was described 
ns being diminished in intensity in four ca.ses. It is difficult to appreciate how 
the second heart sound could have had its origin in Ihe pulmonary valve in some 
cases of marked scarring of the annulus. This raises the question as to W'hether 
the second sound heard in the pulmonic area may not have, in part at least, been 
transmitted from the aortic valve. This, in fact, is quite probable. In two cases 
the second pulmonic sound was described as accentuated. 

Cyanosis was of a significant degree in four cases, while in the remaining 
ease,-? it was negligible. Cyanosis was moi'c common, and of a higher degree, in 
the patients with patency of the foramen ovale. Of the 11 patients, five had a 
variable degree of patency of tiie foramen ovale. In Case 1, the patient probably 
had the most pronounced cyanosis, Avhich was not of a high degree, however, 
until the la.st six years of his life. It was during this time that the pressure on 
the rleht side of the heart doubtless increased and resulted in a flow of blood 
from the right auricle to the left auricle, mixing venous blood with arterial 
blood. The relatively late onset of cyano.si.s, which progresses, has been noted 
previously in cases with pulmonarj* stenosis.* 

Congestive heart failure was the chief or contributing cause of death in only 
five of the cases presented here. The three infants all died of causes other than 
heart failure, although one patient showed evidence of early acute bacterial 
endocarditis (Case 6). Tlii.s .suggests that pulmonary stenosis i.s usually com- 
patible with, life until the third or fourth decade, when congestive heart failure 
becomes severe. The patients with the congestive heart failure were also the 
patients with sssrnifieant dyspnea. Pleural effusion was found in only two cases'. 
The- ctrculafion time was inoasured in one ca.so and was considerably prolonged, 
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which indicated that the circulation from the arm into the pulmonary artery was 
slow, since there was little pulmonary congestion to slow the circulation through 
the lung. 

One patient had minimal pulmonaiy tuberculosis. We were thus unable 
to confirm, in this series, the high incidence of puhnonarj’- tuberculosis that has 
been reported to be associated with pulmonary stenosis.® 

The electrocardiograms which were taken in four cases showed a high de- 
gree of right axis delation in the three cases in which there was marked hj’per- 
trophy of the right ventricle ; in the fourth patient, with less pulmonic stenosis, 
the situation was complicated by avitaminosis. The degree of right axis devia- 
tion was similar to that seen in eases vdth the tetralogj’- of Fallot and served to 
differentiate these cases from those with an isolated patency of the interventricu- 
lar septum in which the electrical axis is generally normal. In the fourth case 
the electrical axis was normal and there was only slight hypertrophy of the right 
ventricle. The intraventricular conduction was normal, although right bundle 
branch block has been noted in pulmonary stenosis.® 

There was no characteristic configuration of the heart by x-ray examination 
in the several patients who were studied by fiuoroseopy and roentgenography. 
The heart was generally enlarged in all the patients studied, and in Case 1 there 
was significant dilatation of the pulmonary artery. This was, perhaps, a result 
of the presence of a patent foramen ovale. Dilatation of the pulmonary artery 
was noted in one other ease in which there was likewise a patent foramen ovale. 
In at least two of the sixteen patients studied by Abbott in which pulmonary 
stenosis was complicated by patency of the foramen ovale, dilatation of the pul- 
monary artery was noted. Dilatation of the pulmonary artery is common, of 
course, in patients with isolated interauricular septal defects but in such cases, 
in contrast to these herevdth presented, there is a clear cause, namely, the over- 
loading of the pulmonary circulation. Pulmonary regurgitation, obviously pres- 
ent in a few of these cases of pulmonarj'^ stenosis, and quite possibly not demon- 
strable clinically in others, may be a factor. 

The controversial concept of fetal endocarditis has been recently reviewed 
by Gross.® The accumulating evidence from case reports,^® and from critical 
analysis, casts considerable doubt as to whether such a disease exists. To our 
knowledge, no observations of the acute inflammatory disease have been reported, 
and the etiological agent is hypothetical. A more likely concept is that of a 
developmental defect, since convincing evidence of inflammation is not present. 
This may be, as Gross suggests, a result of arrest or closure of arteries, resulting 
in bland infarcts and fibrosis. In the several heart valves of this series which 
were, examined microscopically there was moderate fibrosis, but no other con- 
vincing stigmas of a previous infectious disease. Another point in favor of 
anomalous or defective development is the presence of other developmental de- 
fects in the heart or elsewhere in the body. . In two cases of the present series 
there was another congenital anomaly present (Gases 2 and 8). Five patients 
(Table I) had patency of the foramen ovale, and one patient (Case 8) had 
fenestration of the septum secundum, absence of one coronary artery, and 
scarring of the other three valves of the heart. The fusion of the cusp edges, 
with the formation of a dome with a central aperture, in Case 9, was unusual 
and is similar to other cases reported.®’ ® 

The recent observation” of the association of congenital cataracts and con- 
genital heart disease in children whose mothers contracted rubella in the first 
two months of pregnancy is of interest in relation -to congenital heart disease. 
The reports do not specify the tjqpe of congenital heart disease present, and this 
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question will have to await further elucidation. The observations give consider- 
able support to the view that some types of congenital heart disease may result 
from an exanthematous disease occurring in tlie mother and affecting the fetus 
during the early months of pregnancy. The histories of the mothers of the pa- 
tients presented in this series of cases are lacking in specific evidence for such an 
infection, although such may have been present in some. The importance of 
questioning the mothers of patients unth congenital heart disease, regarding the 
occurrence of exantliemata during pregnancy, is evident. 

Sufficient scarring of the liver was present in three cases to warrant a di- 
agnosis of hepatic cirrhosis. In Case 9 the scarring was marked. Since only 
five of the patients in this series had heart failure, tlie preseriee of three cases of 
congestive hepatic cirrhosis is significant. Pulmonaiy stenosis wfith chronic heart 
failure, then, may be considered, along with chronic constrictive pericarditis, to 
be associated with a relatively high incidence of congestive cirrhosis of the 
livcr."= 


SUMJIABX 

1. Eleven cases are reported herein of stenosis of the pulmonary valve in 
wliich the interventricular septum has been intact. In five of the patients there 
was associated patency of the foramen ovale of variable size. In ten of the cases 
the pulmonary stenosis was of sufficient degree to result in moderate to marked 
hypertrophy of the right ventricle. 

2. Electrocardiographic and roentgenographic data are presented and dis- 
cussed. A high degree of right axis deviation in the electrocardiogram is charac- 
teristic. 

3. Heart failure was the cause of death in five of the patients, while causes 
unrelated to the heart accounted for the other deaths, including that of the three 
infants. Hepatic cirrhosis was observed in three of the five patients dying of 
heart failure. 

4. The ctiologj- of pulmonaiy .stenosis and congenital heart disease is dis- 
cu.sscd. 
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A NOTE ON THE SEROLOGIC OLASSiFICATION OF STREPTOCOCCI 
ISOLATED FROM SUBACUTE BACTERIAL ENDOCARDITIS 


S. M. Wheeler, M.D.'i and G. E, Foley 
Boston, Mass. 


S INCE its introduction by Thiereelin^ the term “enterococcus” has been 
variously applied as a synonym for Streptococcus fecalis and as a loose term 
including all fecal streptococci which exhibit one or more of the characteristics 
usually attributed to this group of microorganisms. Andrews and Horder^ 
pointed out that such streptococci are isolated occasionally from cases of sub- 
acute bacterial endocarditis and other human infections. More recently, with 
respect to the strepotcocci isolated from subacute endocarditis, the classifications 
most frequently encountered in the literature are “alpha” or simply “green- 
producing” streptococci. Bacterial endocarditis due to the “enterococci” has 
been recorded in a few instances; Skinner and Edwards,® in a recent survey of 
the literature, cited thirty-seven cases, and Moran^ reported twenty cases in 
which the streptococci isolated were probably “enterococci.” 

The baeteriologic methods employed in the identification of “alpha” or 
“green-producing” streptococci usually indicate nothing as to the exact identity 
of the strain. The classification, “enterococci,” as pointed out by Sherman,® 
also is based on biologic features which are characteristic of, but not limited to, 
the group of organisms in question. Lancefield® and Sherman® reported that 
those organisms previously classified as “enterococci,” despite marked bio- 
chemical differences, contain a common group antigen which places them in 
Group D (Lancefield). It has been observed over a period of years in this 
laboratory that strains which would have been classified as Str. vindaus by 
methods other than group precipitation tests frequently belong to Lancefield 
Group D. 

Since many of the cases of endocarditis reported as due to “alpha” strep- 
tococci or “enterococci” were studied before the development of group precipi- 
tation techniques, there are few data available on the serologic classification of 
streptococci isolated from the blood cultures and other sources on eases of sub- 
acute bacterial endocarditis. Skinner and Edwards® cited one case in which 
the streptococci isolated were shown to belong to Group D and added two more 
from their own observation. More recently, Rantz and Kirby" described three 
cases as being due to Group D streptococci, and Wheeler and Foley® added four 
more eases. 


During the past two years, the streptococci isolated from seventeen addi- 
tional cases, diagnosed as subacute bacterial endocarditis in various local hos- 
pitals, have been studied in this laboratory. In addition to the serologic classi- 
fication of the strains isolated from these cases, the reaction on blood agar was 
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determined on Huntoon’s un enriched hoi*mone agar,® containing 5 per cent 
sterile, defibrinated horse blood incubated aerobically, anaerobically, and under 
partial carbon dioxide tension (10 per cent) at 37° C. for forty-eight hours. 
In general, no consistent qualitative differences in blood agar reaction on media 
incubated in the various atmospheres were noted. Since the blood agar reaction 
depends on so many factors other than the biology of the eeU and is relatively 
inconsistent and unstable for many non-Group A streptococci,^®’ ” each strain 
was tested for the production of soluble hemolysin.^® A volume of 0.5 ml. of a 
ten to sixteen-hour culture in streptococcus toxin broth’® was combined with 
0.5 ml. of a 5 per cent suspension of defibrinated, washed rabbit erythroejdes 
and incubated in a water bath at 37° C. for two hours, centrifuged, and ex- 
amined for evidence of hemolysis, Eabbit erythrocytes and saline and controls 
with knorni hemolytic and nonhemolytic streptococci (Lancefield strains 
J/17/A-4 and 0/90-E, respectively) were included. None of the test strains 
produced soluble hemolysin. 

All strains were tested for heat resistance.® Samples of 1 ml. of ten to 
sixteen-hour broth cultures were incubated in a water bath at 62° to 63° C. for 
one-half hour, allowed to cool, then streaked on 5 per cent horse blood agar 
and incubated aerobically at 37° C. for forty-eight hours. 

The results of these tests arc summarized in Table I, together with the 
serologic classification of these strains, as well as the four previously reported 
by Wheeler and Foley.® Four distinct serologic t.ypes have been recognized 
within the Lancefield Group D in this laboratory.” Since there seemed to be 
no correlation between serologic type and bioclicmical activity, various other 
biochemical tests which wei*e done have been omitted from Table I. 

As pointed out by Lancefield,’® hemolytic activity is not as closely correlated 
with the serologic group as was first supposed. The existence of nonbeta strains, 
serologically identical with beta strains within a given serologic group, is well 
illustrated in the small scries recorded in Table I. The ability to withstand high 
temperatures, long considered characteristic of the “enterococci,’’” is not a 
sufficient differential criterion, as indicated in Table I, when the “enterococci’’ 
are considered as a serologic group. 

From these data it would appear that strains which are a.ssigned sucli 
classifications as “alpha” or “green-producing” strcjitococci, when isolated 
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from subacute bacterial endocarditis, are often serologically identical and fre- 
quently, as do most of the ‘'enterococci,” belong to Lancefield Group D. 
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AOETIC HYPOPLASIA WITH ASSOCIATED VASCULAR AND 
GENITOURINARY ANO^IALIES 

Report of a Case With Autopsy 

AYiluam N. Valentine, LI.D., and Russell J. Nicholl, 5I.D. 

Rochester, N. Y. 

H ypoplasia of the aortic system has been defined by Slaude AbbotU as 
“that condition in -which the lumen of the arterial vessels in the greater 
circulation remains abnonnally small and the walls unnaturallj' thin and 
elastic.” First described by Morgagni, in 1761, it received the attention of such 
men as Virchow, and is reported b 3 ’- Ikeda^ to have been the subject of some one 
hundred ease reports by 1907. Since that time only sporadic cases have been 
reported,^’ ® and, since 1933, the onlj*- report of which the authoi’S are aware is 
that of Werlej', Waite, and Kelsej'.® No attempt %vill be made to review the 
literature, which has been adequately reported in the papers of Burke, ^ Ikeda,® 
and WerlejL® It is our purpose, liowever, to report an unusual ease in which the 
presenting complaints were neurological, and in which a severe degree of cardiac 
insufficiency in a j-oung man was apparently the result of a hj-poplastic and 
anomalous arterial .system. 


CASE REPORT 

Hifi-tori/. — W. S. (Ca?o 2H'oj3), a .31 -year-old, wliite man, wa.s admitted to tlio Strong 
Memorial Hospital on March 27, 3944, with a chief complaint of paralysis of tho right side of 
the hody of three vrock.s’ duration. The patient stated that he had not felt well since the 
summer of 3942. At that time he was in Florida, and noted the gradual onset of fatigability, 
weight loss, lassitude, palpitation, and some numbness and tingling of the arms and legs. 
These symptom® continued, and in the spring of 3943 he returned to his truck farm outside 
Ithaca, Now York. No history suggestive of any tropical disease could be elicited. Lassitude, 
KKorexia, and decreased tolerance for work persisted, and, on Feb. 1, 3944, tho patient con- 
sultcfl Dr. Simon Schmal of Ithaca. Examination at that time, according to Dr. Sclunal’s 
report, showed a pulse rate of 104 per minute and a blood pressure measurement of 105/80. 
The hemoglobin was 100 per cent, and serologic examination and urinalysis were negative. Tho 
patient returned on Februarj' 33, his s^tcmic symptoms slightly improved, but he com- 
plained of deafness in the right car, mumbled speecb, and paresthesias of tho right hand and 
nm. T1 ic<-a had developed following a severe emotional upset. In the two days following 
this visiL several ''nervoo® spells*' occurred, during which, for a short time, he was unable 
to talk. 

On March 5, 391-5, about three wcek.s later, the patient devcIope<l .aphasia, difficulty- in 
swallow ing, e.nd a enir.plete right hemiplegia, without loss of consciousness. He was referred 
to Ptrong Memorial Hospital for study on March 15. but on tho day before bis scheduled 
r!'lTni'“-ion to the hotpifal. had an episcKle of nnconsciou^ne-.s and severe coughing with 
prodastina of oni'-hnlf cupful of dark red blood. Hi« fenipte.'-ature rree to 304“ F., and be was 
acutely ill. Rf-'Etgenogratn.® phovi-d infiltration® in both lobes of the left lung and marked 
rardiac crJargemenf. A <Uagr.o®i® of bronchopneumonia was made at the time, and a second 
s-.'ar e-Xaraication, one wc-cl; inter, revealed definite clearing of the infiltrations and a redne- 

I'rom fS.c TVrertr.Kr.ti> of M<-d5clnc tmrl Patholo^.- and the Mcdtcal Clinic, The tJnivcrsItj- 
of nochcftcr of Medicine and I}>stU*iry. and tlie .Strong Memorial and Rochester 

Mimicip,.,! Horpitftl*. 
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tion in heart size. During the acute stage of the illness, signs of heart failure developed, 
and he was given, small doses of digitalis. By March 27, the patient was deemed sufficiently 
recovered for transfer to Eochester. 

The past liistory contained few positive findings. There had been a ‘‘tuberculous gland 
in the neck’' when the patient was 18 months old and what was apparently an imcomplicated 
pneumonia ten years before admission. Otherwise, he had led an active, vigorous, outdoor 
life, and had done considerable mountain climbing as a pastime. At various times he had 
been a preacher, farmer, and somewhat of a recluse. There was no liistory of rheumatic fever 
or chorea, and there had been no dyspnea, orthopnea, or ankle edema prior to the present 
illness. It was noted on admission that the patient’s voice was unusually high-pitched, and 
members of the family declared it had always been so. ‘ 

There was no family history of nervous disorders or congenital anomalies of any sort. 
The father and mother were living and in reasohablj' good health, though the patient’s mother 
had hypertension. A sister was living and well. 



B'ig:. 1. — Teleroentgenogram taken March 28, 1944. Note the enlarged globular heart with 

small inconspicuous aorta. 

Physical Examination . — On admission the temperature was 37° C., the iiulse was 82 per 
minute, the respirations were 16 per minute, and the blood pressure measured 130/88 .in both 
arms. The patient Was a malnourished individual who appeared chronically ill and could 
not move the right arm or leg. The voice was unusually high pitched. The patient w’as 
oriented and cooperative. The skin was dry and coarse. No petechiae -were noted, and there 
was normal distribution of body hair. The left pupil was somewhat smaller than the right, 
but, both reacted. to light and accommodation. The fundi were normal. The tongue was 
somewhat redder than normal, and cheilosis was noted at the corners of the mouth. There 
were no lesions on the buccal mucous membranes. The trachea was in the midline. The 
lungs were clear to percussion and auscultation. The cardiac point of maximal impulse was 
in the deft anterior axillary line, and the heart was diffusely enlarged in nondescript fashion. 
The heart was overactive, and the sounds were loud. No thrills," rubs, murmers, or irregulari- 
ties were detected. No abdominal organs were palpable, and there was no tenderness. No 
sacral edema was noted. Both testicles were in the scrotum, and both were thought to be of 
normal size and consistency. The left foot was somewhat colder than the right. The dorsalis 
pedis pulsation was absent on the left, while the posterior tibial and popliteal pulsations were 
only barely palpable. ; All peripheral pulsations were of normal strength in the right leg. The 
blood pressure was 110/70 in the left leg and could not be obtained in the right. The left 
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radial pulse was apprcciatly %veaker than the riglit and tJie radial artoiy was in a somewhat 
anomalous position. There was considerable atrophy of the interosseous muscles of the right 
hand and the muscles of the right arm. The neurological examination revealed a right 
hemiplegia. A right lower facial paralysis was apparent. The tongue deviated to the right. 
Abdominal and cremasteric reflexes were present on the left, but none could be elicited on 
the right. The deep refle.xes were hv-peractivc on the right side, while the ankle jerk and knee 
jerk were absent on the left. There was a positive Hoffman’s sign on the right but Babinski’s 
sign was absent. Some motor aphasia was present. 

Lahoraiory Findings and Course in the Hospital. — The IVasscrmann test was negative. 
The erythrocyte count was 4 million and the hemoglobin 13 Gm. The leucocjde count was 
9,000 per cubic millimeter, with 70 per cent polymorphonuclear cells and no eosinophiles. 
The urinary findings were negative except for a rare red blood cell in the sediment,, and the 
findings continued similar throughout the patient's stay in the Im.^pital. The e.xamination of 
the stool gave a negative test for blood, and no parasites were found, either on direct examina- 
tion or by the zinc flotation methml. A lumbar puncture was done, and the spinal fluid showed 
no increase in cells or abnormalities in dynamics. The spinal fluid serologic test was negative, 
and the total protein was 25 mg. per cent. Numerous roentgenograms were taken, and the 
following findings were reported: Posicroanterior fdm of the chest: The heart was enlarged, 
globular in shape, with well-rounded borders. The transverse diameter was 15.8 centimeters. 
The transverse diameter of the chest, at the level of the diaphragm, was 20.8 centimeters. The 
aorta was inconspicuous and not visualized bej’ond the .shadow of the spine or sternum. 
Fluoroscopy: Fluoro.scopy in the supine position indicated all chambers share in the cardiac 
enlargement. Good pulsations were present at all borders. The aorta was not %-iFualizod, and 
no aortic indentation Avas seen on the barium-filled esophagus. Skull: Negative examination. 
Abdomen (film of kidney.s, ureter, and bladder): The left kidney was outlined normally. 
The right psoas muscle and the right kidney were not visualized. 

Two electrocardiograms Avere talcen and showed extreme right axis dcA-iation, the first 
tracing having an axis of 150. degrees and the second SO degrees. Aside from a tachycardia 
of 120 per minute in the second tracing, there AA'cre no other significant finding.s. Repeated 
blood cultures ‘Avero negative, and a rau.'-cle biopsy, taken from one gastrocnemius muscle, 
showed no evidence of periarteritis nodosa. Circulation times Avere measured but AA'cre con- 
sidered inaccurate because of undependable rc.sponses from the patient. 

The patient had an essentially afebrile and uneventful course for the first tAveh’o days 
of admission, and injection of diodra.st was contemplated for the purpose of visualizing the 
aorta. The only change in this period aa'o.s recoA-ery of .a minimal amount of function in the 
right leg. On April 10, ho\A'CA-cr, the patient began to feel poorly and coughed up a small 
amount of fresh blood. Some cyano.-i.-; of lip.s and nailbed.s Avas noted. The temperature and 
pul.>-e increased, and a loud gallop rhythm avjis hoard over the sternum. xL roentgenogram 
tal:en at this time shoAved an infiltration in the right lung field, thought probably to bo an 
infarct. A sputum examination revealed only Streptococcus viridans, Staphylococcus albus, 
and diphtiicroids bacilli. The temperature continued to rise, and the admini.'-tr.ation of 
.■sulfadiazine was commenced. The pulso Avas maintained at about 120 per minute. Icterus 
developed, and it was felt tli.at the patient was having multiple pulmonary infarcts, Medica- 
tion with sulfadiazine AA-as di.^continucd, and, during the last tAvcnty-,fonr hours, signs of 
cardiac failure were noted. The patient wa.s digitalized and placed iri an oxygen tent, but 
he expired on April 17, 1914. 

Autopsy Finding.s (Case x\S542). — \ complete autop.sy Avas done. xVll organs Avere care- 
fully studied, but only the gross pathologic change: and pertinent negatiA-e findings are 
pfc-’catcd. 


The bcwly Avn» that of .an extremely emaciated 31 -year-old AA'hitc man. The skin Avas 
jiiur.diccd, particularly over the face and neck, and the sclorae shoAved pronounced icterus, 
lie left pupil vroi 2 mm. in diameter, and the right, 4 inillimeters. There was no clubbing of 
the fingers and no cdem.a. The peritoneal caA-ity contained about 1.50 c.c. of clear, light yellow 
fluid. The left pleural cavity contained about GOO c.c. of cloudy, yolloAA'i.‘-h-brown fluid, and 
the rigl.t pleural cavity about 100 c.c. of the same type of fluid. There AA-ere a few easily 
brokiu aui.'-'mn*, fiiLaterally. The pericardial cavity contained about 125 c.c. of light yellow, 
slightly chniily ilAiid. 

The heart AAc;ghe.i .590 grams. The subepicardial fat was somewhat dccren.“od in 
amount. Tl-ere Averc two or three .’■mall soldier’s plaquc-s which were Ica.s than 1 mm. tliick 
and slid Eat c.-stead itsto the rntj-ujlnturc. The chawV-rs v.ero all extremely dilated, and the 
Atr.trick-T Avc-re In the aurientar apjc-ndagi-x of the right heart and adherent 

•o she nax-alar traV-^mlation' of the left AX-ntricle. there were a fcAv email thrombi. In the 
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center of the foramen ovale, there was a small perforation about 1 mm. in diameter. The 
ductus ''arteriosus was demonstrated to be closed. The endocardium was smooth throughout. 
Beneath the surface of the ventricular endocardium there were a few, diffusely scattered, 
yellowish, sharply circumscribed areas, 1 to 3 mm. in diameter. These were less than 1 mm. 
thick but extended somewhat into the musculature. The tricuspid and mitral valves were 
dilated, but all valves were normal. The left ventricular wall was 0.8 cm. in thickness, and the 
right was 0.3 centimeter. There were no areas of infarction or thrombosis. The coronary 
arteries showed no abnormalities. 

The aorta was of good elasticity and showed no degenerative changes. The aortic valve 
was 7.5 cm. in circumference. The aorta, immediately above the aortic valve, was 5 cm. in 
circumference. At the apex of the arch, it measured 3.2 cm., and in the distal descending 
portion of the arch, it measured 3.2 centimeters. The caliber became narrower where branches 
in the thoracic and abdominal cavities were given off. At about the level of the third lumbar 
vertebra, it bifurcated. The left branch was about 1.2 cm. in circumference, and the right 
branch about 0.6 centimeter. The right branch appeared to represent the right internal 
spermatic artery. Its main portion continued in the normal course of the spermatic artery but, 
about 10 cm. from its origin, it gave off a branch which was of larger caliber and 1 cm. in 
circumference. This appeared to represent the right common iliac artery. On the left side, 
about 5 cm. from the bifurcation of the abdominal aorta, a second bifurcation occurred: one 
branch, which was 1 cm. in diameter, apparently represented the left common iliac artery, and 
the other, the mid-sacral artery. The latter was about 0.8 cm. in circumference. The hj'po- 
gastric arteries were not identified. No anomalous veins were noted. 

The left lung weighed 340 grams, and the right, 480 gi-ams. The upper lobes were 
crepitant and flabby. The right middle lobe and the lower lobe were firmer in consistency, and 
many firm, nodular areas could be palpated beneath the pleura. On section, these were seen 
to extend into the parenchyma of the organ. They were fairly sharply circumscribed from 
the surrounding parenchyma and were of grayish to dark red color. Bloody fluid could be 
expressed when the lung was squeezed. On section of the lungs, the upper lobes were of 
grajush color and air-containing. The right middle lobe and both lower lobes were of a 
pinkish color. 

The spleen weighed 180 grams. There was an old area of infarction which had been 
replaced by fibrous tissue. The organ was congested. 

The liver weighed 1,210 grams. The edges were very sharp. There was a reddish 
mottling evident through the capsule. On section, the central areas were dark red and some- 
what depressed, and were fairly well demarcated from the surrounding yellowish-tan portal 
areas. The organ was firm in consistency. Certain portal areas, especially near the surface, 
semed to be reduced in size, and there was a network-lilce pattern of a reddish color. 

The left adrenal was of normal size and shape. The right adrenal was adherent to the 
diaphragm and was flat in outline. Its dimensions were 3 by 3 by 4 centimeters. On section, 
it appeared to be normal. 

The right kidney was absent. The left kidney weighed 245 grams. It was of somewhat 
crescentic shape with the concavity directed toward the aorta. .There were remnants of 
fetal lobulations. The calices, pelvis, and ureter were normal. There were two arteries 
suppljdng this kidney. The superior vessel appeared to be the chief source of supply and was 
about 0.5' cm. in diameter. A second vessel arising from the aorta, about 2 cm. below tlie 
first, was about 2 mm. in diameter. 

Only the left half of the trigone of the urinary bladder was present. The prostate was 
normal. 

' On the right side, the vas deferans arose at the epididymis. About 4 cm. from its 
origin, there appeared to be occlusion of the lumen because the milky, fluid contents could not 
be squeezed beyond this point. The vas deferans coursed in the spermatic cord through the in- 
guinal canal and, as it emerged from the internal inguinal ring, became adherent to the 
anomalous right common iliac artery previously described. It then doubled back upon itself, 
again merging with the spermatic cord until it approached the epididymis. At this point, it 
once more turned upon itself and coursed up the spermatic cord to terminate in an aberrant 
seminal .vesicle, located on the right anterolateral pelvic brim in the normal position of the 
common iliac artery. The right seminal vesicle contained fluid which was dark reddish-green 
and wMch closely resembled that which might be found in a liquified hematoma. The left 
seminal vesicle appeared normal and contained the usual light tan fluid. The testicles were 
both in the scrotal sac, and were of normal size and consi.^tency. The tubular architecture 
appeared normal. 
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The -brain rveiglied 1.300 gramp. On cutting the left lateral ventricle, a cloudy graj-ish 
guid CFcaped. There was dilTuse .softening in the medial portion of the left cerebrum, just 
adjacent to the sagittal fissure. The ve.ssels appeared to be normal. Upon sectioning the 
brain after fixation, the large area of necrotic softening on tlie left side was found to extend 
from the genu of the corpus callo.sum posteriorly to the tip of the occipital lobe, on its medial 
aspect. There was destruction of the basal ganglia, including the thalamus on the left side. 
There was extension from the ventricle out to the cortex of the temporal lobe. The right 
cerebrum and the cerebellum were intact. 

Histologic Studies . — Sections of all orgjins were examined routinely. Only the significant 
ones are described. 

The cpicardium and endocardium of the heart were slightly' thickened in some areas. 
The muscle fibers were larger than normal, and there wa.s a great deal of hj-dropic degenera- 
tion. There were small areas of fibrosis scattered throughout the myocardium. There were 
old organized and recent thrombi adherent to the endocardium. 

Sections from several areas of the aorta .showed normal architecture. Measurements' of 
fixed sections of the aortic wall, mounted on glass slides, indicated that the thickness varied 
from 0.1 to 0.15 centimeter. 

The lung.s showed scattered patche.s of bronchopneumonia with many largo clumps of 
bacteria in .come areas. One pulmonary ve.ssel contained a thrombus. The vessel wall at this 
point was i)artially destroyed and was infiltrated with many acute cells and a few round cells. 
Surrounding thi.= vos.^el, many of the alveoli contained red blood cells, and there were areas 
of bronchopneumonia in which the alveolar walls were partialh- broken down. Many of the 
alveoli contJiincd largo numbers of macropliagcs. There were many polymorphonuclear 
leu(‘ocytc.s in the bronchi. 

The spleen showed increased trabecnlation and congestion. 

The liver showed .some surface atrophy, and many of the central areas were greatly 
congested, with atrophy of the cord cells in the.'C areas. There was some fat in the cells 
of the portal areas. 

The rigid seminal vesicle had thick fibrous walls, and the glandular epithelium was 
poorly developed. The left seminal vesicle and prostate appeared to be normal. 

In and beneath the cortex of the brain, there were areas of marked di.sintegration of 
ti.o.sno. The ccrcbr.al vessels were congested. 

The anatomic diagnosis was; anomalous vascular and genitourinary systems; hypo- 
plasia of aorta; congenital absence of the right kidney and ureter; anomalous right seminal 
vehicle and vas deferens; cardiac hypertrophy and dilatation; focal myocardial fibrosis; 
mural tbrombi, right auricle and left ventricle; infarct of left cerebrum, recent; necrotizing 
bronclmpiipurnonia ; acute . bronchifi.«; fibrinous pleural adiiesions, bilateral; hydrothorax, 
bilateral; atelectasis; hydropcricardiurn; bydroperitoneum; congestion of viscera; central 
necrods of liver; fatty liver; jaundice; pulmonary embolus; compcn.satorj' hjiiortrophy of 
left kidney; old infarct of spleen; and emaciation. 


COM.MKKT 

This pa.se falls into the genefal eatcgoiy of those in which eardisic in- 
suf!lp,ic-ney lia.s been the re.siilt, solely, of a hypop]a.stie arterial .sy.stem. The 
diagno.stic feature wa.s a youthful patient, previoirsly vigorous and without 
eardiap symptom.s, who developed cardiac enlargement and .severe insufficiency 
with a progressively downhill course. The cardiac enlargement wa.s nondc.script, 
there were no munnurs heard, and no valvular or congenital cardiac abnormali- 
tio.s were found at the post-mortem table. The coronary arteries, themsclvc-s, 
wore noiTual. It is unusual in that the pre.senting complaint was that of a hemi- 
plegi.'i, wliich developed over a period of a few day*?, and in the occurrence 
of extreme anojualic-s of the genitourinary sy.stcm. Ahnor-malif ies of the genitalia 
arc common in aortic li\ 7 )opla.sia. hut .such e.Ktonsive anomalies of the genito- 
nrlnnry trjiel, a.s presented hero, have not been previou.sly recoi-ded, to the 
autlwrs’ knowledge. At the post-mortem table, the exact cau.se of cerebral 
inffitotkm poiild not be smeertained. Fi-om the mode of onset it was felt that 
rerebral thrombosis, probnlfiy .secondary to a small cerebral embolu.s, was the 
mt>4 likely explanation. 





MONTO AND WOODALL: TRAUIMATIG RUPTURE OF BOTH VENTRICLES OF HEART 519 


It was generally agreed, by all who saw the patient, that diffuse vascular 
disease of some sort was present, and periarteritis nodosa was considered as a 
possibility. The correct diagnosis was suspected antemortem bi' virtue of (1) 
the absfence of the' aortic knob roentgenograpliically and the absence .of an 
aortic indentation on the barium-filled esophagus by fluoroscopy, (2) the non- 
descript, diffuse type of cardiac enlargement, without murmurs or demonstrable 
‘valvular disease, occurring in a young man, and (3) the ertdence of anomalies 
of the peripheral arterial tree, as indicated by examination of the vascular 
supply to the extremities. 

Although not suspected during life, the congenital abnormalities of the 
genitourinary tract are of interest, not only because of their bizarre character, 
'but also because they suggest that, in this ease, at least, the aortic hypoplasia 
represents a congenital abnormality and not a developmental arrest. 

It is desired to call attention to the fact that, while significant aortic hypo- 
plasia is a rare finding, it should be given more consideration than has been ac- 
corded it in recent years by the medical profession, and that it can be the only 
demonstrable cause of severe and fatal heart disease in young adults. 
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TRAUMATIC RUPTURE OF BOTH VENTRICLES OP THE HEART 

C.ASE Report 

Cai’Tain Raymond W. Monto, M.C., and 
Lieutenant Colonel Paul S. Woodall, M.C. 

Army of the United States 

T he importance* of traumatic heart disease is being made manifest, in recent 
years by the increased number of publications and more frequent recognition 
of this clinical entitiL^'® This problem is frequently encountered in industry 
from a medicolegal standpoint. It is the purpose of the paper to present a ease 
of extreme cardiac injury associated with little evidence of external trauma. 

- case report 

A Negro male, aged 21 years, without history or evidence of previous cardiac disease, 
was brought to the hospital and found to be dead on arrival. It was reported that tliis nian 
had been pinned between the eab'm and chain cable of a small crane ditchdigger. The ciiest 
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was compressed in an anteroposterior direction, at tlie level of tlio- lower sternum (Fig. 1). 
Approximately four minutes elapsed before he could be freed. 

Autopsy Jieport . — The necropsy was performed two hours after the accident. A small 
abrasion was present in the right infrascapular region over the eighth and ninth ribs, about 
three inches from the midline. There were also small depressions on the shin overlying the 
lower portion of the sternum just above the xyphoid process and extending to the left shoulder. 
The remainder of the remarhable findings were limited to within the abdomen and chest. 

Examination revealed linear fractures of the right eighth and ninth ribs, two inches from 
their vertebral attachments. There was no evidence of injury to the underlying lung. The 
pericardial sac was marhedly distended with a volume of liquid and clotted blood which 



Fig. 1. — Schematic illustration showing location ot comprc-sslon force on chest re.sulting in 

rupture of the licarL 



mr- 2.— -Traumatic rupture of boUj vrmtriclcs of the heart, posterior view. 
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measured 350 cubic centimeters. A large hematoma -was seen, protruding from the apex of the 
heart. A jagged tear, 11 cm. long, at the junction of the lo^Yer one-third and upper two- 
thirds of the posterior surface of the heart was present, which extended completely through 
both ventricles (Fig. 2). 

On opening the abdominal cavity, 1% liters of liquid and clotted blood were found. 
The liver was of average size and normal in appearance. On the posterior aspect of the right 
lobe of the liver there was an irregular laceration, approximately 3 cm. long and 3 cm. deep, 
which accounted for the intra-abdominal hemorrhage. 

DISCUSSION 

Tramnatia heart disease has escaped recognition by many clinicians, chiefly 
because it was believed that the heart was well protected within the bony cage 
of the chest. The heart is particularly tnilnerable because of its close approxi- 
mation to the anterior chest wall. It has been found to suffer serious injuries 
from relatively minor trauma, both direct and indirect. 

Beck, in 1935, made an exhaustive studj^ of the mechanism causing traumatic 
heart disease.® More recently the literature has contained numerous articles 
illustrating how varied this condition may be.®* ® Direct trauma to the 

anterior chest wall, such as that produced by a thrown ball, or a steering wheel, 
may produce contusion of the heart muscle. The resulting sj^^mptoms are not 
unlilie those se^ in acute mjmcardial infarction and may be accompanied by the 
corresponding physical signs and electrocardiographic changes. Patients suffer- 
ing from contusion of the heart are likelj* to run a course similar to that in 
persons with acute coronary occlusion. Convalescence is usually uneventful 
but is, occasionally, complicated by myocardial failure. While spontaneous 
rupture is rare, it occurs most frequentlj'- in unrecognized cases during the 
second week following exertion. 

Cardiac ruptures are also produced by broken rilis which are driven into 
the heart. Increased intracardiac pressure by application of compression forces 
to the legs and abdomen is capable of causing heart rupture. 

A fourth mechanism causing bursting of the heart is that of compression 
between the sternum and vertebrae. A “blow out” results from the greatly 
increased intracardiac pressure, caused by constriction of the great vessels at 
the base of the heart. It is believed that this latter explanation is illustrated 
by this ease report. The work of Bright has demonstrated the ease mth which 
nonpenetrating wounds of this type may injure the heart muscle.® 

World War II exposed large groups of persons to compression types of in- 
juries. Ever increasing speed of transportation, both on the ground and in the 
air, wiU undoubtedly result in a greater incidence of traumatic heart disease.® 
The presence of more obvious injuries, such as fractures or lacerations, should not 
lead the physician to assume that the cardiovascular system has escaped damage. 

CONCLUSIONS 

1. ' A case report of traumatic rupture of both the right and left ventricles 
with minimal evidence of external injuiy is presented. Search of the literature 
fails to reveal a similar lesion of this extent.’ 

2. Traumatic heart disease is not uncommon and is apparently being recog- 
nized with increasing frequency. 
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ISOLATED MYOCARDITIS PROBABLY OP SULFONAMIDE ORIGIN 

Arthur H. Wells, M.D., and Simon G. Sax, il.D. 

> Duluth, Minn. 

I SOLATED myocarditis is a pathologic tcim indicating an inflammatory process 
localized in the myocardium to the exclusion of the pericardium, endocardium, 
and (in the opinion of some) other tissues of the body. At present, most 
generally accepted entities of myocarditis are excluded; therefore, the etiology 
of isolated myocarditis itself must be unkno^Yn. This disease most often begins 
with a chill followed by dyspnea, preeordial distress, and weakness with a rapidly 
progressing myocardial failure of undeterminable cause, often culminating in 
sudden death (Magner,^ Helwdg and Wilhelmy,^ and Major and WahP). Sub- 
acute and chronic forms lasting months arc recognized by Simon and Walpaw.'* 
Tliis uncommon condition is rarely diagnosed before death. 

Various etiological agents .such as unlnioum viruses, peculiar hjTiersensitivi- 
tie.s, vitamin deficiencies, and reactions to chemicals have all been suggested. 
Many of the cases presented to date have been associated with clinically 
clas.sifiable inflammatory diseases including influenza, pneumonia, .scarlet fever, 
typhoid, phlegmon of the foot, and gonorrheal urethritis. To include these cases 
in a classification of isolated myocarditis, one must assume that known bacteria 
and riruscs did not cause the myocarditis or else the definition given above must 
bo broadened. Animal experimentation^ may be of aid in clarifjdng the prob- 
able variety of causes. 

A considerably varied histopathologic picture has been described in the 
literature as identifying isolated myocarditis or one of its several sjmonyms 
(Fiedlcr’.s, primary interstitial, circumscribed, diffuse idiopathic, productive, 
pernicious, and eosinophilic myocarditis) . The disea.se has been divided into two 
di.stinctly different tx-pe.s, the granulomatous and the diffuse. In the first, the 
histologic change might well be confused with certain case.s of tuberculosis, 
sv'philLs, tularemia, and mycosis. The difference is that the exact etiolog>' cannot 
be proved in Isolated myocarditis. Further, the patient should not have any 
known specific disea.se elsewhere in the body wliich might cau.se a granulomatous 
change in the myocardium. In this type one would expect patchy isolated lesions 
with a prominent fibrous element and inflarnmatoiy cells, possibly including 
lympliocT.'tcs. plasma cells, eosinoplnk‘.s, monocytes, and giant cells in varied pro- 
portion. 

The second, and more frequent, diffuse variety of i.solatcd myocarditis has 
been described by Covey'' as showing a common microscopic pattern with minor 
variations and by Saphir as being mimicked by so many known inflaramatorj' 
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disease.^ of tlie myocardimn tliat it cannot be considered to have a characteristic 
histology. There is not only an interstitial but also a parenchymal reaction 
in some cases. The interstitial tissues are diffusely infiltrated by varying num- 
bers of macrophages, lympliocjdes, eosinophiles, and neutrophiles, and there are 
varied amounts of diffuse fibroblastic reaction. Changes in muscle fibers are 
frequently described in this type of isolated myocarditis. They include focal 
areas of swelling, necrosis, sarcolysis, myolysis, “granular decomposition,'’ and 
“explosive necrobiotic” changes. 

French and Weller® have reported 126 cases of interstitial myocarditis asso- 
ciated with sulfonamide therapy. They further reproduced an eosinophilic type 
of diffuse myocardial reaction in animals given various sulfonamides in dosages 
comparable to those given to human beings. 

CASE REPORT 

A. 43-year-old man vas first seen by one of us (S. G. S.) in his hotel room at about 3:00 
p.ir. on Oct, 23, 1943, five hours before liis death. He stated tliat he had been ill with the 
‘ ‘ flu ’ ^ for the past week or ten days. Just prior to his calling a physician he had been nau- 
seated and had vomited profusely. The vomiting was not of a projectile tj-pe but was very 
copious. He suffered from a severe chill of malarial type which lasted for five minutes afid he 
could not keep himself warm in spite of several extra blankets. In view of Ids extreme dis- 
comfort and condition, hospitalization was advised at once. He was admitted to St. Luke’s 
Hospital at about 4:30 p.sr. The physical examination, both at the hotel and the hospital, 
revealed the temperature to be 103.4“ F. The pulse was 120 and the respirations were 24 per 
minute. The systolic blood pressure reading was 120 mm. and the diastolic was 84 mm. of 
mercury. His hair was sparse on the crown. The eyes, ears, nose, and throat were all es- 
sentially normal. Examination of the heart revealed no murmurs. Its rate was regular. The 
tones appeared to be of a distant tj-pe and seemed impaired in quality. There were no rfiles 
or other changes in the limg fields. No masses were palpated in the obese abdomen. There 
was no tenderness or rigidity. The rectal examination was negative.^ No edema of the ex- 
tremities was noted. There was no urethral or prostatic discharge. The patient felt fairly 
comfortable after his hospitalization, and his only request was for sleep because he was com- 
pletely fatigued. 

A urinalysis revealed an amber urine with a pH of 5 ; specific gravity of 1.003 ; albumin, 
4 plus; and sugar test, negative. Microscopic examination of the urine revealed 20 to 25 
red blood cells and 8 to 10 white blood cells per liigh-power field. The hemoglobin was 93 
per cent or 13.25 grams. The red blood cells numbered 4,020,000 per cubic millimeter; the 
white blood count was 12,400, with the following differential count: nonsegmented poly- 
morphonuclears, 23 per cent; segmented polymorphonuclears, 62 per cent; and lymphocytes, 
15 per cent. 

Because of the very severe cliill, indicating a possible blood stream infection, a blood 
culture was taken immediately after admission. After nineteen days of aerobic and an- 
aerobic culture there was no growth. A definite diagnosis was not made on admission although 
it was assumed that the patient might be suffering from influenza, which was prevalent at that 
time, and probably also had a blood stream infection. 

The patient revealed that, on October 5, he had had extramarital relations with a woman 
proved later to have gonorrhea. Because of this exposure he had been advised by a physician 
to take sulfadiazine. He had been taking 15 grains three or four times a day since October 
14 (ten days), without medical supervision. There was no past liistory of any heart disease. 

No medication was given the patient while in the hospital because it was the feeling that 
the sulfadiazine itself might possibly have contributed to his condition. Until a more definite 
diagnosis was made, therapy did not seem to be indicated. At about 8:00 p.ir. on October 23, 
about four hours after admission, the nurses, in making routine rounds, found the patient 
dead. 

Autopsy Findings. — This 43-year-old, well-developed and slightly obese white man 
measured 67 indies in height and weighed about 200 pounds. The only outstanding gross 
pathologic change was in the heart, which weighed 460 grams. This increase in size was 
due mainly to enlargement of the left ventricle. However, there was a mild dilatation and 
slight hjqiertrophy of the right ventricle. The left ventricular cavity was moderately dilated. 
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Its walls were remarkably pale and somewhat mottled throngliout. It was not of the usual 
flabby consistency of a severely degenerated myocardium but maintained its form fairly well 
and was not friable. Tiie trabeculae carneao in both ventricles were fairly prominent. A 
careful search revealed no myocardial fibrosis, and there was no significant sclerosis of the 
three principal coronary arteries or their visible main branches. The auricular cavities were 
normal in size, and their endothelial linings were transparent. The four valves had no fibrosis 
or vegetations and were apparently competent. The pericardium was transparent and free 
from injection and adhesions. 



The (-'‘.iicr imding.H might woH have been entirely secoiidaiy to a severe inflain- 

ri'.atcry di.HT.sm There was a snodcratc congestion and edema of tlic dependent portions of 
lungs without gross evidence of chronic passive congestion or pleurrtl fluid. The liver 
was somewhat pale, tnc-tllcd, and flabby. It weighed 2,120 grams. The .‘Spleen, which weighed 
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320 grams, had an extremely soft, friable, granular, dark-red, cut surface. The kidneys, to- 
gether, weighed 380 grams. Their parenchymal tissue was pale and slightly swollen tlirough- 
out. The brain weighed 1,430 grams and appeared to have displaced much of the cerebral 
spinal fluid. 

The microscopic study of the heart revealed an acute difiuse type of inflammatory 
process (Fig. 1), characterized mainly by an interstitial reaction with a predominance of 
neutrophiles in moderate numbers, swollen endothelial cells and fibroblasts in slightly in- 
creased numbers, and occasional eosinopliiles, monocytic phagocytes, and rare lymphocytes. 
There were also diffuse parenehjanal changes, characterized by patchy irregularities in the 
staining of the muscle fibers, with occasional isolated, faintly granular changes in the muscle 
fibers. Barely did one find a severely swollen segment (Fig. 2) with coarse, deeply acidophilic 
granules and beginning fragmentation. A neutrophilic reaction about these areas was noted. 
There were no Aschoff ^s bodies, and the reaction was no more severe about the smaller arteries 
than it was elsewhere in the interstitial tissue. The smaller aiteries had no significant thick- 
ening of their walls. Special stains for bacteria failed to disclose their presence. 

Moderate seconder}^ toxic changes were evident in the liver, spleen, and kidneys. There 
was a mild, but distinct, increase in lymphocytic and monocytic infiltration in the portal areas 
of the liver. No significant inflammatory cell reaction was found in the lungs; however, there 
was a diffuse congestion and edema. 


DISCUSSION 

The histologic changes in the mj'oeardinin in the case presented are typical - 
of those described as a diffuse form of isolated myocarditis. We are much in- 
clined to believe that they were due to the preceding sulfonamide therapy. How- 
ever, influenza, gonorrhea (neither of which was proved to have been present), 
or unknown causes cannot be ruled out. 

In eases previously reported of fatalities follotiving sulfonamide medication, 
the question arises as to what part the primary condition, for w'hieh the chemo- 
therapy was prescribed, may have contributed to the fatality itself as well as 
to the histologic changes. The presence of eosinopliiles in the histologic picture 
in the myocardium suggests the possibUity of hypersensitivity to the drug. 
This individual, unfortunately, continued to take the sulfadiazine as a pro- 
phylaxis for gonorrhea, which was never proved to have existed. The sjunptoms 
he suffered from can be well explained by the somatic deterioration from hyper- 
sensitivity to the sulfonamide. It is interesting, indeed, to note that, on question- 
ing, no oliguria or anuria was reported by the patient. The microscopic 
examination of kidneys revealed no evidence of the usual kidney complications 
with deposition of sulfonamide concretions. 

A brief discussion of the practical problems in the classification of myo- 
carditis, ill general, and isolated myocarditis, in particular, is pertinent. There 
are few pathologic terms in medicine used more loosely than myocarditis. Its 
use ill connection with coronary sclerosis and the resulting complications has 
been gradually disappearing, almost to the vanishing point in current medical 
literature. However, it remains in frequent use among physicians in general. A 
greater problem at present is its use in connection with a variety of inflamma- 
tory, metabolic, degenerative, malignant, and deficiency diseases in which the 
clinician finds definite evidence of myocardial inadequacy complicating some 
Imown disease. In many of these disease processes the possibility of true myo- 
carditis may exist. It is extremely difficult and often impossible to distinguish 
clinically between the far more common degenerative processes of the myo- 
cardium and the rare, tnily inflammatory lesions. As a matter of fact, in some 
specific instances histopathologists are not entirely agreed as to when a ‘‘de- 
generative” process ends and an inflammatory reaction begins. Generally 
speaking, the presence of inflammatory cells, including the white cells of the 
blood, and the inflammatory cells developing from local tissue cells, are necessary 
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in the definition of an inflammatory process in any tissue of the body. There is 
undoubtedly a definite trend among clinicians to limit the use of the diagnosis 
“myocarditis” to conditions in which there is a histologically demonstrable in- 
flammation in contradistinction to a degenerative change or a vascular disease 
of the myocardium. 

The rarity of, and, to a greater extent, the lack of interest in, isolated 
mj'oearditis undoubtedly accounts for the present unsatisfactorj’^ understanding 
of the classification. There is good reason to believe that there are a variety of 
eaiLses for the eases now published under this name. Therefore, it should be used 
purely as a pathologic term and not as the name of a disease entity. As each 
new cause for the mj’ocarditis is proved it should be given a separate classifica- 
tion such as influenzal mj'ocarditis or possibly arsphenamine myocarditis. 

CONCLUSIONS 

1. A ai diffusa isolated myoearditis is presented m wkicb sulfadia?.k\e 
may well have been the etiological agent. 

2. An acceptable, clear-cut definition of isolated myocarditis cannot be ar- 
rived at after a review of the reported eases in the literature. 

3. The name should be applied only to cases in which the etiological agent is 
unknown. 

4. With an increased laiowlcdge of the condition, it is likclj’’ that several 
disease entities maj' be distinguished. 

5. The present widespread misuse of the term “myocarditis” is the result 
of long standing carele.ssncss. It is a difficult clinical diagnostic problem to 
differentiate inflammatory from degenerative and vascular changes in the myo- 
cardium. 
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MYOCARDIAL INB^ARCTION SUPERIMPOSED ON SHORT P-R, 
PROLONGED QRS COli'IPLEX 

A Case Report 

Captain Paul M. Zoll, M:C., and Major Datid R. Sacks, M.C. 

Army of the United States 

S INCE a search through the available medical literature failed to' show ciny 
report of a case of ‘‘short P-R, wide QRS complex” complicated by myo- 
cardial infarction, it was thought worth-while recording such an incident. 

CASE report 

A 41 -year-old soldier with six months’ service in the Army was admitted to the Station 
Hospital on March 1, 1943, because of a sudden episode of smothering and choking, followed 
by severe pain over the lower sternum, wliich had occurred on Feb. 28, 1943. 

The patient had always been active in the past, working as a cook and miner. The fam- 
ily history was noncontributory. His past history was negative except for the fact that he 
had frequent paroxj’sms of rapid heart action, and two previous attacks of precordial pain 
with numbness radiating to both arms in June, 1942. Tliese latter episodes lasted only a 
few minutes and caused the patient to remain home for a few days. Tlus pain was similar 
in character to the one which caused liim to seek admission to the hospital. There was no 
history of previous dyspnea or peripheral edema. His paroxj’sms of tachycardia were usually 
short in duration, would occur sometimes at rest, and were never incapacitating. 

The patient felt quite well until February 28, when, while wrestling with some com- 
panions in his hutment, he suddenly felt “choked and smothered” and experienced severe 
pain over the lower sternum and epigastrium. He lost consciousness and later felt nauseated 
and had a ‘ ‘ soreness ’ ’ throughout his chest. He remained in bed most of the day, getting up, 
however, to eat dinner. He slept poorly that night.* The next day he became extremely 
nauseated, felt very weak, but had no pain in the chest. 

~ On admission, the patient did not appear to be in marked distress. There was no 
cyanosis. The thorax was emphysematous in type, and the lungs showed a few fine rales in 
the right anterior thorax from the fourth intercostal space to the costal margin. These 
findings were not constant. The heart was not enlarged to percussion. The sounds were of 
good quality with rate slow and regular. The aortic second sound was equal in intensity to 
the pulmonic second. No murmurs were heard. The blood pressure was 120/90. A small 
abdominal hernia was noted in the midline between the umbilicus and xiphoid process, but 
there were no adherent intestinal contents. Soon after arrival at the hospital, he had one 
episode of difficult breathing. An electrocardiogram was taken that morning. 

The patient was kept in bed, given phenobarbital and aminophylline and frequent small 
feedings. The temperature rose on the second day to 99.8'’ F. by mouth. The blood pressure 
ranged from 110/60, on the day of admission, to 100/70 on the fifth day and remained at this 
level thereafter. He felt well all the time except for an occasional tight feeling in his chest. 
The lungs cleared completely, and at no time did he show evidence of congestive failure. The 
heart sounds remained of good quality with a slow regular rate. He had no episode of 
paroxj’smal tachycardia or cardiac arrhythmia at any time. Occasionally a faint systolic mur- 
mur was heard at the apex, but a friction rub vras never noted. 

The urine showed no abnormalities. The initial leucocyte count, taken -soon after ad- 
mission, was 5,200 per cubic millimeter with 67 per cent polymorphonuclears and 33 per cent 
lymphocytes. The hemoglobin was 85 per cent. The sedimentation rate was 14 mm. in one 
hour. Ten days later the white blood cell count rose to 11,650 per cubic millimeter; the 
, sedimentation rate remained at 14 millimeters. On the thirty-ninth day after admission, the 
white blood cell count was 18,600 and the sedimentation rate was 6. An x-ray examination 
of the chest showed the heart and lungs to be normal. 
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EIcctTOcardiogmms, taken on tlie day of admission, the third daj', and tiie fourteenth 
day (Fig. 1), suggested a posterior wall infarct superimposed on a prolonged QES, short P-E 
interval of the '' Wolfr-Parkinson-AYliite syndrome.” 

About sk weeks after admission an exercise test was performed with the patient going 
up and down a three-step stairway while holding an ice cube in his right hand. After eighteen 
trips he complained of a pressing and aching sensation over tho precordium- which lasted 
thirty seconds. Tliis pain was similar in nature to that which had caused his admission but 
was shorter in duration. There was no radiation of this pain. About one week later, this 
test was repeated under similar circumstances and another episode of prccordial aching was 
precipitated after twenty-two trips. This time tho pain lasted twenty seconds. On the same 
day the test was repeated without the ice and the patient performed thirty-four trips before 
e-xperiencing the same pain. 



Flp. 1.— Tfie first column of tracinps on tJic left was taken on the day of admission; 
rat*-, SC: P-R lnten.’.al, 0.09 second; QRS Interval 0.11 second with slurring of upstroke of Rt 
and downstroke of Qj: left axis deviation: prominent Szi Ti diphasic; T» and Tj upright and 
T« diphasic with S-T depre.sslon of 2 millimeters. The second column of tracing.^ was taken 
three days later; Ti upripht, small amplitude; in\-crslon of T: and Ts. These marked T-wavc 
chanp;a stiggcsted a posterior wall Infarct, superimposed on short P-B, prolonged QRS interval 
o. the *AVo!!T- Parkinson-White .s>-ndrome.'’ The third column of tracings was teJeen two 
hccomc upright, low amplUude ; persistent co-vc-shaped inversion of T». 
woifr-i arkl.aron-%\*hitc findings persisted unchanged. 


du*-! prior to these exercise to.st.s tlie wliitc blood cell count was JljSoO per cubic milli- 
uv'ter, with per cent stab cells, C3 per cent segmented forms, 20 per cent lymphocytes, and 2 
per ce.nt eo‘mop!iilcr. About a week after the last exercise test the white blood cell count 
was and the sedimentrifion rate was 16 mm. in one hour. The following week the 

"ed.'taen'ation rate wr? found to bo 20 mni. in one hour. Just prior to discharge tho white 
ci-11 coanf i,75o, and the .Kcdiinent.'ition rale hn<l corae down to normal. 

The eour<-e of the elcctrcK-ardiographic tracings during this period is recorded below 
(Fig. 2). 



imtncdiately before 

Bhh A. ter t.;e Ig*; jho-.vi-d a market intcririon of the T wave but no deviation of tho S-T 
scy!r.rr.t elsriag the pain (Fig. 3). 




yig. 2 . — The first column of tracings on the left was taken one month later: little change 
over previous tracing except for slightly gi'eater amplitude of Tj. The second column of trac- 
ings was taken nine days later: Ti, which had previously been upright and of low amplitude, 
diphasic; T41' diphasic; Ts and T3 upright. The third column of tracings was taken about 
three weeks later; Ti, Tj. T^f, upright; Ta diphasic with coving. T«? shows sharp upright 
pickup. 
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Pig. 3 .— The first column of tracings on the left was taken two months after admission; 
inversion of Ta less marked. The second column of tracings was taken one week later; no 
signiflca^ changes. In all these tracings Uiere was a short P-R interval, widened QRS with 
slurred Ri, and deep notched Qs. The third column of tracings was taken one week later : 

trips produced precordial pain lasting fifty seconds). Upper strip before test 
precordial tracing t^ he normal, immediately after exercise lower precordlal strip 
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COMAfENT 

A consideration of the significance of the findings in this case resolves it- 
self into two possibilities: 1. Is this short P-E interval, wide QRS complex, 
part of the electrocardiographic picture of myocardial infarction? 2. Is this a 
case of myocardial infarction in a pereon who had exhibited pre\iousl 5 ^ the Wolff- 
Parkinson-White sjmdrome ? 

For absolute proof of myocardial infarction, superimposed on a short P-E, 
wide QES complex, there would have to be cardiographic evidence that this com- 
])lex existed prior to the episode of myocardial infarction. The evidence does 
not exist in this case. However, the historj’’ of frequent attacks' of paroxj^smal 
tachycardia, along with the eleetrocardiograpliic changes, suggests that the 'Wolff- 
Parkinson-White s 3 ’ndrome was present prior to the eoronarj'^ occlusion. Further- 
more, we cannot find any literature on experimental or clinical bundle branch 
block or coronarj* occlusion with mjmeardial infarction in which the pathogenesis 
included shortening of the P-R interval along with the widening of the QRS 
complex. 

It is concluded, therefore, that this patient probably represents a case of 
posterior wall infarction .superimposed on the congenital anomaly of a short 
P-R interval and prolonged QRS. 



Letters 


To the Editor: ' 

I have^ just read the article by J. A. Boone in the June, 1945, number of the American 
Heart Journal, page 751, entitled ''Ventricular Fibrillation as a Complication of Hyper- 
thyroidism. ' ’ 

It is my impression that a serious misinterpretation of the electrocardiogram has been 
made. Dr. Boone stated that the "Electrocardiogram (Pig. 1) showed auricular flutter, 
A-V dissociation, and intraventricular block. Lead II appears to consist entirely of a 
period of ventricular fibrillation." The article is titled and based upon this interpretation. 

Clinically the patient presents the usual signs of auricular fibrillation — "rapid tumul- 
tuous heart action, grossly irregular, and the rate was 150 to 160 . . . the pulse deficit was 
30 to 40." And the auricular fibrillation was of the paroxysmal type, since there was 
prompt restoration of the normal rhythm. ' 

. Leads I and III of the electrocardiogram show the characteristic findings of auricular 
fibrillation, namely absolute irregularity with irregular spacings of the ventricular complexes. 
There are here and there, small additional waves, which may be attributed to auricular 
activity (if waves). 

If these if waves were due to auricular flutter, such waves, or accentuations of other 
waves, ought to appear regularly and periodically. Tliej' do not do so. The only real 
ei’idence for flutter is lacking. 

If A-V dissociation were present, one would expect a ventricle beating without auricular 
control and, therefore, beating regularly. This is not so. 

Lead II has been interpreted as ventricular fibrillation, and standing alone, it certainly 
"appears" to represent it; but standing between Leads I and III, it represents merely 
another aspect of rapid fibrillation. E, varies from 5 to 8 mm. in height. QS3 varies from 
3.5 to 5.5 mm. in depth. The algebraic sum (Rj) may vary considerably but can easily 
give some of the smaU and larger waves present in Lead II. The sum of the T,’s and Tg’s, 
where the T^'s are more greatly upright than the T,’s are inverted, will also give positive 
waves. Fibrillary (ff) waves wall explain the rest and add to the variations in height. It 
w'ould be impossible to say wliich letter in Lead 11 is applicable to the different waves, but 
the diagnosis of aitiricuXwr fibrillation is clear enough. 

The condition present is the not infrequent one, in hyperthyroidism, of paroxysmal 
auricular fibrillation. It is not proper to allow the misconception implied in the title of 
this article to creep into the literature without correction. 

(Signed) 

Neuton S. Stern. 

224 Physicians and Surgeons Bldg. 

Memphis, Tenn. 

Aug. 28, 1945 

To the Editor: 

I should like to comment on the article, "Ventricular Fibrillation as a Complication of 
Hjnperthyroidism, " by J. A. Boone, which appeared in the Am. Heart J. 29: 751 (June), 
1945. 

In my opinion there can be no doubt that the electrocardiogram reproduced in Fig. 1, 
upon, which the whole report is based, shows auricular flutter (rate 376) mth varying A-V 
conduction and intraventricular block. Tlie same mechanism is present in all leads. 

Yet, the author interprets Lead II as ventricular fibrillation and calls it the "first 
proved instance of ventricular fibrillation in hyperthyroidism to be reported." Some more 
fundamental mistakes are revealed by the author’s interpretation of Leads I and III of 
Fig. 1 as "auricular flutter, A-V dissociation and A-V nodal tachycardia with intraventricular 
conduction delay." 

I think it is regrettable that this case of "ventricular fibrillation in hyperthyroidism" 
mil now find its way into the Index Medicus and will be quoted in the literature. 

(Signed) 

BrcHAED LAKGENiWRr, M.D. 

104 South Michigan Avenue 
CMcago, 111. 

Sept. 11, 1945 
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Sulzer, E., and Biichosal, P. W.: Principle of Cardiovectograpliy, Cardiologhi 6: SSC"; 
3912. 


The Braun valves enable the combination of two linear vertical conductors and so 
the tracing of the horizontal projection of the electrical heart Vektor. The figure.s .so ob- 
tained were called Planogrammc (PG) by us. (Synonjans: vektodiagram, monocardiogram, 
triograra, etc.) 

Owing to dilTcrencc in form and conductibility of the tis.sue, the heart potentials in the 
human body are unequallj’ distributed, wherefore, the law of projections, underljnng the 
Einthoven triangle, Is not quite perfect. The errors resulting therefrom are particularly 
apparent in planography. The present paper examines the matter of the distribution of the 
potential? in the human body for the purpose of drawing conclusions therefrom for the 
planogramracs and their interpretation. 

These researches show that one of the mo.st advantageous conductors consists in selecting 
for the horizontal conductors a plane situated below the heart. The distance, which guaran- 
tees agreement of the straight and oblique PG, stipulates that this plane should be situated 
in the region of the cristac iliacae, 

The polarity of the conductors in planography and the manner of the connection of 
the Braun values are discussed. AxiTiions. 


hlannhclmcr, E.: Calibrated Phonocardiography, Cardiologia 6: 2S1, 1942. 

•» 

A new method, calibrated phonocardiography, is demonstrated and its value as clinical 
routine work is emphasized. Author. 

Kartagenor, hL: The Significance of Heredity for the Origin of Acquired Heart Disease, 

Cardiologia 6: 314, 1942. 

The presence of coronary throrabo.sis was definitely observed once in two generations 
(mother and son, very similar eloctrocardiogrnm.s) and once in one generation, in tu'O 
brothers in the early fiftic®. The one brother of tlic latter pair had at the same time a 
Buerger disease of the arteries of the cxtremitie.s, which points to the po.ssibility of the 
presence of arteriitis stenosans coronariao (von Albcrtini) as the cause of the coronary 
thrombori». In a further ob.scrvation, father and son, coronary thrombosis could be ns.sumed 
with great probability. 

The obserrafioii of selorotie aorta in.'ufiiciency in two brother.'!, simultaneously sufTcring 
from kidney and bladder stone, is reported for the first time. AUTitOls. 


Moia, E., and Acevedo, H. J.; The Electrocardiographic Diagnosis of Myocardial Infarc- 
tion Complicated by Branch Block, Eev. argent, tie Cardiol. 11: 341, 194.1. 

Contrary to the opinion of many outstanding authors it is stated that in most eases of 
coexistence of bundle Lnincb block and myocardird infarct, the electrocardiogram permits an 
ea*y rccogcifierj of the existence of the latter. 

The tbagno'ia of fw^t'-rior infarcts is made exclu.rively by tlic change.*? observed in the 
ttnadi-rd terid*-; tn anterior infarcts by tl:e*-e and by cimitge? in the prceordial lead." — su/Iicing 
in gfrernl C, an*! C, not hetitg iieceH.'ary to take multiple precorditil leads. 

In the ftan'lard h-adf^ the fundanscntal change** are seen in tlse S-T .*?cgment and T 
wti-.e: £h*'Ir dsrspkicem.-nt instead of occurring in the fame direction which is opposite to that 
of !l,e greater ware of the QJt.S contph'y — ti" is characteri-tic of bundle branch block — occurs 
in r.lterr.afite r-n*--: if the S-T >?cgmeTst in eleeated the T wave i" inverted, and rice verfu. 
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Purthermore, the character and direction of the convexity of the S-T segment are frequently 
inverted. Nonfundamental changes are the occurrence of Qj in left bundle branch blocks and 
Q, and Q, in right bundle branch blocks, as well as the appearance of M or W complexes of 
low voltage in Dill. 

In precordial leads the fundamental change is the occurrence of a deep Q in the left 
leads, and the nonfundamental changes the elevation of the S-T segment and the T wave 
negativity, both of which are only observed in anterior infarcts. 

Changes of the S-T segment and T wave disappear ordinarily in from fifteen to thirty 
days, those of the QRS complex, when present, are permanent allowing a retrospective 
diagnosis. 

The practical importance of the diagnosis of the coexistence of bundle branch block 
and infarct is emphasized, especially so when the infarct is not accompanied by a typical 
clinical picture. Authors. 

Neurath, O.: Is Digitalis Indicated in Myocardial Infarction? J. A. M. A. 128: 1016, 

1915. 

Digitalis alone used in congestive failure occurring with auricular fibrillation in 
myocardial infarction in thirty-two patients at the Los Angeles County General Hospital 
proved to be more harmful than beneficial. The hazard ordinarily considered the greatest, that 
is, the production of fatal ectopic ventricular rhythm with sudden death, was not in evidence. 
There was no increased hazard from cardiac rupture. The mortality was increased largely 
by the production of fatal emboli to the greater circulation. On the basis of these data, 
digitalis administered alone for the congestive failure associated with auricular fibrillation 
and myocardial infarction would seem contraindicated. Author. 

Kosenblatt, P., and Loewe, L.: Healed Subacute Bacterial Endocarditis, Arch. Int. Med. 

76: 1, 1945. 

> Two cases of healed subacute bacterial endocarditis were encountered. Death in both 
instances was due to cardiac failure inetdent to aortic vahmlar insufiiciency. Authors. ^ 

Homburger, P.; Effect of Sodium Salicylate on the Sedimentation Rate of Erythrocytes 

in Vitro, Am. J. M. Sc. 210: 168, 1945. 

Sodium salicylate in vitro causes a marked reduction of the sedimentation rate of 
erjthrocytes, particularly if it is accelerated. In fresh plasma this effect takes place at 
salicylate levels of about 90 mg. per 100 milliliters. In plasma which has been kept at room 
temperature for twenty-four hours, the effect takes place at levels of 25 to 30 mg. of salicylate 
per 100 ml. of plasma. VTaen salicylate is left in contact with fresh plasma for the same 
length of time, the slowing of the sedimentation rate occurs at low levels. The standing of 
plasma at room temperature has an insignificant effect on the sedimentation rate of fresh 
red blood corpuscles in such plasma. 

No demonstrable changes of plasma fibrinogen of red cells are caused by sodium 
salicylate and changes of the pH in the plasma do not account for the effect of sodium 
salicylate on the sedimentation rate. The effect is inherent in the salicylate radical, as 
sodium benzoate and sodium bicarbonate are ineffective. 

It seems possible that this property of sodium salicylate, demonstrable in vitro, may 
partly account for the remarkable slowing of the sedimentation rate seen in some patients 
who receive salicylates. • Author. 

Harris, T. N.: The Erythroesrte Sedimentation Rate in Rheumatic Pever, Its Significance 

in Adolescent and Overweight Children, Am. J. M. Sc. 210: 173, 1945. 

Pour hundred children, 215 of whom were girls, were observed during their convalescence 
from episodes of rheumatic carditis. In nine of these patients, eight ^rls and one boy, rang- 
ing from 9 to 16 years of age, the erj-throcyte sedimentation rate remained persistently elevated 
long after the otlier signs, sj-mptoms, and tests for active rheumatic infection had returned 
to normal or become stationary. These patients were ultimately allowed out of bed while 
the erythrocyte sedimentation rate was still elevated. Continued Clinical observation followed 
the resumption of phj-sical activity failed to reveal any indication that these children had been 
allovv-ed out of bed prematurely. 

Some theoretical and clinical implications of these data are discussed. Author. 




534 ; AMERICAN HEART JOURNAL 

liCvy, E. Ii., Wiitc, P- D., Stroud, W. D., and Hillman, C. C.: Transient Hypertension, 

J. A. M. A. 128: 1059, 1945. 

In an earlier paper, based on an anah-sis of the medical record.s of 22,741 officers of 
the United States Army, it was sliomi that in the group witlx transient hj’pertcnsion there 
was a greater incidence of later sustained hj'pertension and there were higher rates for retire- 
ment and for death ndtli cardiovascular-renal diseases. Using the same material and indexes, 
the present study was dc.signed to demonstrate possible differences in the prognostic im- 
portance of various systolic and dia.stolic levels of transient hypertension. 

With respect to the later development of sustained hypertension and retirement with 
cardiovascular-renal diseases, all levels of transient hypertension, both systolic and diastolic, 
were significant. Of particular interest was the observation that slight degrees of elevation 
were important, even when the sj'stolic level alone was involved. Of the greatest significance 
was a transient rise in diastolic pressure above 100 mm., c.«pecially as an early sign of subse- 
quent sustained hj-porfension. 

No .significjint differences were apparent between the various degrees of transient hyper- 
tension in relation to the death rates with cardiovascular-renal diseases. So, as is true for 
many other prognostic criteria applied to these conditions, the height of a temporary rise 
in blood pressure docs not appear to foretell the severity or extent of the lesions which 
eventually are a cau.=e of death. 

The data given lend support to the view that transient elevations of blood pressure, 
above the upper range of normal, often represent an early stage of liypcrtcn.sive vascular 
disease. Autiioks. 


Eundlcs, W. E.: Hemorrhagic Telangiectasia With Pulmonary Artery Aneury.sm. Am. .T, 
M. Sc. 210; 76, 1945. 

A case is reported of a patient with hemorrhagic telangiectasia who had suffered from 
repeated cpistnxis from the ago of 14 years, and in later life from gastrointestinal hemor- 
rhage severe enough to produce a severe, incapacitating anemia. Multiple gastric tolangicc- 
, tnsia were seen by g-astroscopic examination. An nneurj-sm of the pulmonary artery was 
present which did not increase appreciably in size during a period of over seven years’ ob- 
servation. Author. 


Mason, J. M., m, and Giddings, W. P.: Experience With Lmnbar Sympathetic Gangllonec- 
tomy for Wounds of Major Blood Vessels of the Lower Extremity. Surg., Gj-nce, cfc 
Obri. 81: 169, 1945. 

Lumbar ganglionectomy, if it can be performed early, should bo considered in the 
management of wounds from the bifurcation of the aorta to the bifurcation of the popliteal 
arterj' which jcopardir-c the circulation to the lower extremity, Tlio real test may lie in its 
use in cases of severed popliteal artery, for r-ery few e.vtremitic.s survive with injury to this 
vessel. Presence of nn intact profunda femoris artery in the fnce’of loss of the superficial 
femoral has been found to he no guarantee of tlie viability of the extremity. Collateral 
circulation of the lower leg has been found to be sufficient even in the presence of ligation 
of two of the three major ve.>--sels. It i.s felt that ganglionectomy will be less frequently in- 
liii'fited in injurie.« to vessels of the lower leg llian in tliosc of the thigli. AuTUOR.s;. 


Lawron, IL, and Eehm, W. S,: The EovcrslbiUty of the Cardlovasatlar Damage Done by 

Nearly Complete Exsanguinatlon, x\jn. J. Physiol. 144:'206, 1945. 

Barbitulircd, moderately dehydrated dogs were almost coniiiletely exsanguinated by 
e.ffitrontwi blooding in order to determine the liminal circulating hloofl volume. There appears 
to ls‘ a nearly straight-line relationship between the rireulafing blood volume in the intact un- 
ited rtniBi.ai, r.iul the liminal cireulating volume. When the animals were kept alive by reinjee- 
tipn of b!o''*'.l, the limtnal circulating volume as determined by n second, eornpleto exsanguina- 
tioa wM usually eonsideraWy elevated. The eirculnting pla’sma volume at the start of the 
fiEfd bleeding -.wi* u-nirdly thnn the sun. of the volume remaining at the end of the first 
plus the vohiti.e by an amount svliich i? nearlv equal to the volume of ext ravasctilar 

fluid twHe.f during ih'* f?r.t Mrcfling. It thu.s npj.enn. ’that ne.arly all the fluid svliich enters 
the esrcf-.l-itien during the fir^t blewling leaves the eirciihation offer tlic reinjection. If allmv- 
r.r.-e .-rmtic for n .“:,>ternfd ic error in th.’. meac„rertient of circulating cell voIume.«, flie 
fcH veSucic at the ^.-ginning of the fimal ble*>ding appe.arrsl to he nearly equal to the sum of 
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the residual and the reinjected volumes. No reinjected cells thus appear to be withdrawn 
from the "circulation. The average volume of blood drawn on tlie final bleeding was 9-7 c.c. 
per kilogram less than the sum of the re.sidual bleeding volume/ as estimated from control 
studies, and the volume reinjected. The elevation of the liminal circulating volume is just 
about enough to account for this loss of bleeding volume. 

In similar experiments on dogs pretreated by intravenous injection of 15 c.c. per kilo- 
gram of 0.9 per cent sodium chloride solution, there was no evaluation of the liminal circulat- 
ing volume of the final bleeding. The average volume of blood drawn on the final bleeding 
was only 4.4 c.c. per kilogram less than the sum of the residual bleeding volume and the volume 
reinjected. Tlris moderate loss of bleeding volume following the reinjection appears to be due 
to a decline in circulating blood volume during the interval, and to a reduction in ability to 
replenish volume on the final bleeding. These changes cannot be attributed with assurance to 
any damaging effects of the first exsanguination, since the loss of bleeding volume in 
pretreated dogs is equally great if the first bleeding is terminated long before the exsanguina- 
tion is complete. In dehydrated dogs the loss of bleeding volume is much less when the first 
bleeding is terminated earlier. AUTnOR.s. 

Lawson, H., and Rehm, W. S.; The Efficacy of Gelatin Solutions and Other Cell-Pree 

Pluids in Reversing the Effects of Nearly Complete Exsanguination, Am. J. Physiol. 

144: 217, 1945. 

Barbitalized dogs pretreated by intravenous saline injection weie almost completely 
exsanguinated by controlled bleeding and injected %vith various replacement fluids. The fatal 
hemorrhage volume four hours later was used as an index to the relative effectiveness of the 
fluids in reversing the effects of the first hemorrhage. As measured in this manner, the order 
of effectiveness of the fluids studied was: whole blood 3.9 per cent gelatin P-20 plasma and 
serum 3.45 per cent gelatin L-80 2.8 per cent gelatin B-20610-51 0.9 per cent sodium chloride. 
The gelatin solutions are approximately iso-osmolar, and have about the same colloidal osmotic 
pressure in vitro as dog plasma. 

Dehydrated dogs (without saline pretreatment) uere studied in similar experiments for 
evidence of damaging effects of gelatin P-20. The volume remaining in the circulation at 
death was not significantly greater than in dogs replaced with whole blood. Blood replenish- 
ment during the final hemorrhage was at least as great as in animals replaced -with whole 
blood. The circulating blood volume maintained following the replacement was at least as 
great as that maintained by dogs replaced with whole blood. Replacement with higher 
concentrations of gelatin P-20 (6 per cent) produced larger circulating blood volumes. No 
evidence was obtained that the higher concentrations produced additional cardiovascular 
damage under these experimental conditions. Authors. 

Frank, H. A., Seligman, A. M., and Fine, J.: Traumatic Shock, X. The Treatment of 

Hemorrhagic Shock Irreversible to Replacement of Blood Volume Deficiency, J. Clin. 

Investigation 24: 435, 1945. 

The therapeutic value of various agents for the treatment of hemorrhagic shock, which 
is not responsible to the replacement of aU shed blood, was tested under conditions calculated 
to avoid or to minimize the confusing effects of anesthesia, blood sampling, operative manipula- 
tions, and other forms of trauma. Utilizing the relatively simplified set of conditions described 
the following results were observed with the agents tested: 

Massive infusions of saline may cause transitorj’- improvement in circulation but do not 
cure hemorrhagic shock irreversible to transfusion. 

Massive iufusions of isotonic bovine albumin greatly increase the blood volume and 
may sustain the circulation for a time, but only rarely result in recovery. A marked bleed- 
ing tendency is produced by this therapy. Concentrated (25 per cent) bovine albumin 
solution in equivalent or greater protein content is of no benefit, even if supplemented by 
saline solution. 

Large volume intravenous infusion therapy, using either saline solution alone or albumin 
in saline solution, is harmful by producing marked edema of tissues, serous effusion, venous 
distention, and widespread hemorrhage from small vessels. 

Pitressin, with or without ergotamine, is of no value. The combination of pitressin 
with 5 per cent albumin solution is not beneficial. Paredrine causes an elevation of the 
arterial and venous blood pressure and no improvement in cardiac output. The duration 
of this effect is limited by the rapid development of unresponsiveness to the drug, and 


AMraiCAX HEART JOURKAl- 


:n5C 




un <*' 


tion 


i! or/. 
is'f' ! 


5'J tin;-? I'* not ptolr.ngod. Commine ini'.rc;i?c-s pkclot.''.! muscle tone, but does not favor- 

ir.i'i/u.'-r cour?''* ot evfr.ts, . _ 

Yi- ■ rerf>."t.H)a of acidosis bv tin' administration of sodium bicarbonate tvith the initial 
fc-i^s df»'s not aUer the deierioratin*! trend of advanced hemorrhagic shock. Sodium 
i- of i:o b-cnejit in the therapy of advanced hemorrhagic shoelc. Tuamino, given 
ti.'^ ir.ikial tran'^iusion is failing, causes a transitory rise in blood pressure but the 
: b hrhi. Survival ri.n:e i.s not prolonged. ‘-Potassium phospliate" intrncistemally 
cot titer the deterior.nting trend of hemorrhagic .«hock and at the same time produced 
■••fable • troL.-rd excitatory pheno.mena. 

Ij !, the authors’ xiov.-'that advanced shock constitutes, a state of progressive deteriora- 
v,Lt.-h is not amenable to the types of therapy now available, probably because funda- 
cJ Infe-V.f-mlcr.l chtiogc-. lutve developed a« a result of prolonged deficiency of capillary 
These change.- may rcjult from injury predominantly involving one vital organ, such- as 
iu-r, or frojiv v,-idespr<-ad cellular damage. " AUTHORS. 


Goldberg, M.. and rtne, J.; Traumatic Shock, 3a. Intestinal Absorption In Hemorrhagic 

Shock, d, Clin- rnvc.-^tigalion 24: -Mo, 1945. 

In hi'm.otrh.'igic shock, the .*-mail intestine is progressively deficient in its absorptive 
capacity for water and isotonic glucose. After transfusion, whether cficctivo or not, some 
ifnprovcmtnt in tht- function may be observed, but full recovery is not observed within the 
tif.A' faterva! of th<--(* cxpi-rina'iits. 

The ai.-orptioa of physiologic, saline is not clearly affected by the institution of heinor- 
tlagiC s5.v-/5; until the tohnnccd stage of shock is reachwl. ' AUTHORS. 


Hunter, J. B,: Observations on Ligature of the Patent Ductus Arteriosus, Brit. AI, .1. 1: 

7;ii, 1955. 

i‘<iurf.-. ii cti-'v:- are reported in which ligation of a patent ductus,^artcriosus has been 
{""rform*.-!. Tv.dve cas-.'s wete uncomjdicatcd by infection, and in only two was endocarditis 
pfc---;ut. In tea ensw the patients were female and the ages varied between 5 and 31 years. 
Jr. the notiromplicaP'd case.s, tiic patients were all sliglitly stunted in growth, and the ma- 
j>t:r;:y were i.r(';'.thlef s on o.xertion, but only one showed any sign.s of cyanosis. It is too soon 
!<i Sc- v.l.'it tl.e ultimate fate of these mmcs may be. One of the children is now taking up 
top dar..'ing a- a proft--iun; tlie young male was accepted by the ffendee. The others have 
I tlicft brcatlik-sne-' mi c.xertloa, and the earlier onc.H that have been recently reviewed 
have impro-..-! ir. gt aer.'-.l health nn-l phy-i.jue. 3IcCui.i.ycu. 


G'r.tt'tfb.iH, K. Y., Laurent, D., DoKrulf, P., Slmp.xon, W. M., Kcndcll, H. W., and Eoso, D. 
L,: The Iklcct of Artificially Introduced Fever on Humoral Antibodic.s and on 
Ilktarntne Intoxication in the Guinea Pig. ,J. Lab. h Clin. ilod. 30: 563, 1945. 

.tr, r.r!i:>-nUy indm-e.] f.'ier lemj-craturo of 4‘2.2^ C. nuiintained for thirty minutes ha.s 
, Jiumoral prwipitin titer of guinea pigs immunired against horse scrum. 

ile ; a!ipr.it-’in tit.-r of setisilb.cd guinea pigs i;: not .significantly altered by a fever 
t-i-j-’w.'-cn <.f ag.g' c. maintair.e-.l for sixty minutes when the .<-erum is titrated by a modified 
••‘.a. ill. r*'r>r?ierj. 


f.-x 


'•r 9';;;-,":atv.Te of 42.2” C. maintaiju'd for thirty rnimitoa supprcsse.s histamine 


^ la tiu- wkh vir^;^ing siori.-d intwtirm expo-ed to histamine indieate that there 

• a I'*' sensitized in- 

’‘w” ■•••' ur.'.;..;.-:-. '’.•W'-.Ui-imin' I.- fibm •Ic.-rens.-t] by temperatures of 45”^ 

’ ‘ tb” to-ally -sensitized tissuo i.s injected 
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Book Reviews 


A Primer of Electrocardiography: By George Buicli, M.D., and Travis Winsor, M.D., 

ea & Pebiger, Philadelphia, 1945, 215 pages, including table of contents, appendix, and 

index, 235 engravings. 

The title of this book is not entiiely adequate, as the work contains much more than 
on elementary discussion of electrocardiography. The authors obviously have con- 
siderable knowledge of the electrical phenomena responsible for the electrocardiogram, 
and, in this respect, the book is quite different fiom most available texts on this subject. 
In the presentation of electrocardiograms related to various cardiac conditions, emphasis 
is placed upon the reasons for the appearance of characteristic alterations in the tracings. 
This approach, in the opinion of the reviewer, is so far superior to the purely descriptive 
method, so often employed,. that this book stands nearly in a class by itself. 

The first chapter, which occupies approximately one quarter of the book, is largely 
concerned with a description of the elements which make up the noimal electrocardiogram, 
discussions of the fundamental concepts relating to depolarization and repolarization and 
the flow of currents in volume conductors, and final!}' with a piesentation of the standard 
limb leads and the electiical axis viewed from the standpoint of these basic considerations. 
The remaining four chapters take up important electrocardiographic conditions and include 
good discussions of precordial leads, the cardiac arrh}d;hmias, and the ventricular gradient. 

The changes produced by myocardial infarction are veil presented although the 
reader might find the arguments easier to follow if all the discussions relating to this 
matter were in one section rather than being distributed in Chapters II, III, and T. Since 
the basic changes in the QES complex, ES-T segment, and T wave due to acute injury, 
myocardial ischemia, and infarction are found in a more or less modified pattern in any 
lead that is clinically useful but occur in the purest form in precordial (or esophageal) 
leads, it seems logical to open the discussion of these matters by detailed descriptions of the 
alterations that are found in leads of the latter type. Changes to be expected in the 
standard limb leads may then be directly inferred if one remembers that anterior infarcts 
produce modifications in these leads only when the potential of the left arm is altered in 
the characteristic manner and posterior infarcts produce them, only when the potential of 
the leg is similarly changed. 

There are not many features of this book with which one can violently disagree, but 
a few minor criticisms may be justified. The classification of complete bundle branch 
block into a t}'pical and an at}q;)ical variety on the basis of the direction of the T waves 
is a bit arbitrary. As a matter of fact, activation or depolarization of the ventricles 
occurs in an identical fashion in the two groups. It is recover}' and not activation which 
is atypical. 

In the discussion of the method for taking precordial leads with the use of the cen- 
tral terminal, it is stated (page 112) that, since the sum of all the forces (currents) in a 
network flowing toward a single point is zero, the central terminal is, for all practical 
purposes, at zero potential at all times. While we believe the conclusion here to be a 
true one, unfortunately this question cannot be settled so easily. 

It is perhaps to be regretted that no actual electrocardiograms are reproduced in the 
book. On the other hand, the entire approach is to explain why things occur and not 
simply to illustrate things that have happened. For this purpose, the numerous well-drawn 
figures and electrocardiograms serve admirably. As the authors remark in the preface-, 
other books are available in which many well-reproduced tracings may be found. In the 
opinion of the reviewer, there arc few other books that can offer as much as this one to 
the student really interested in the fundamental aspects of electrocardiography. 

F. D. JOHNRSTOX. 


Announcemeiit 

Due to conditions beyond tlie control of the editors and publishers, several issues of 
the Journal are printed on an inferior grade of paper. Just as soon as the standard good 
grade of paper is available, its use will be resumed. 
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Anaouncemetit 


S OIVIE months ago, Dr, 'Fred M. Smith announced that he would he unable 
to continue as Editor of the American Heart Journal after the end of 
1945. His resignation came as a great surprise, but the Directors of the Ameri- 
can Heart Association could not feel justified in asking the continuation of the 
labors that he has performed so well and faithfully for eight years and reluc- 
tantly agreed to select a successor. 

Only editors themselves and those in close touch with their activities can 
realize the enormous amount of time and energy that must be given to the 
successful accomplishment of their duties. Even when full use is made of 
associate editors and members of the Editorial Board, most of the responsi- 
bility for the selection and editing of papers and the determination of editorial 
policies falls upon the Editor-in-Chief and the one Associate Editor who serves 
directly with him. That Dr. Smith has recognized and lived up to the responsi- 
bilities of his position, no one who knows the Americ,an Heart Journal would 
question. He has more than justified his appointment eight years ago, and has 
made a lasting contribution to the cause of better medicine and better medical 
literature in the United States. In this, the final issue of the Journal imder 
his Editorship, the Directors of the American Heart Association wish to express 
their deep gratitude for his unselfish devotion and unswerving loyalty, for the 
time and eifoii: that he gave so generously, and for the intelligent direction that 
has kept the Journal at such a high level of excellence. 

To his chief associates also, the Directors wish to express their heartfelt 
appreciation. Their splendid work receives little notice or praise; it is largely 
taken for granted, but without it the Journal would suffer greatly. Upon the 
able shoulders of Dr. Horace hi. Korns fell a great deal of the responsibility for 
the editing and revision of manuscripts and for the final form in which papers 
were published. Dr. Smith and other associates have testified repeatedly to 
the unselfish manner in which he devoted himself to this work. He has left 
the University of Iowa Medical School to enter the practice of medicine, and 
the best wishes of his associates go vdth him. 

Dr. Hugh McCulloch has been an Associate Editor of the Journal since 
its founding in 1925. For some years he has also been in charge of the impor- 
tant Department of Abstracts and Reviews. For his long, faithful, and dis- 
tinguished service this public acknowledgment and expression of gratitude 
are most inadequate repayment. 

In accordance with the agreement relating to this matter, the Board of 
Directors of the American Heart Association selected a new Editor-in-Ghief, 
subject to the approval of The C. V. Mosby Company. Their selection was 
Dr, Thomas M. McMillan, of Philadelphia, who was accepted with enthusiasm 
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ty the publishers. Immediately upon his eonfimation, Dr. l\rcSIilian departed 
lor conferences with the president and the staff of the I^Iosby Company and 
with Dr. Smith. 

The Directors of the Association, regretful at the resignation of Dr. Smith, 
feel a great sense of relief and security in the knowledge that Dr. klcMiUan is 
to succeed him. Known in tliis country and abroad as a distinguished specialist 
in the field of diseases of the heart, he brings to his new position authority 
and prestige. Those who know him well realize that he has an unusual com- 
bination of qualities that would seem to fit him ideally for his nev/ responsi- 
bilities. In addition to the unusual charm and graciousness which have 
endeared him to all his associates, he has keen critical ability, an extensive 
knowledge of medical literature, and a great fund of clinical experience and 
practical knowledge. He has accepted his new assignment with ardent, en- 
thusiasm and with an earnest desire to make the Ajierican Heart Journal one 
of the great medical journals of our time. It is witii pride and complete con- 
fidence that the Directors of the Association present him to all readers of the 
Journal and ask their full cooperation in the attempt to realize tliis laudable aim. 

To Dr. Smith and his associate editors we say a reluctant farewell and 
extend our best 'wishes for continued success in their .special work. To Dr. 
3lcM.iIlan and the Editorial Board that he is now selecting we extend a most 
cordial welcome and promise full .support in tlie months and years tliat lie ahead. 

This announcement, properly devoted primarily to the deporting and 
arriving editors, would be incomplete without a special word of thanks to 
The C. V. Mosby Co. and those members of their staff who are chiefly responsible 
for the publication of this Journal. Both Dr. Smith and Dr. McJIillan have 
.spoken with warm appreciation of the cordiality and re.sponsive cooperation of 
the publishers, and w'c have every confidence in their continued efforts to make 
the JoTJRNAL even finer. 

H. :SL lilARviN, M.D. 

For the Board of Direetor.s 
American Heart Association 



Original .Communications 


THE EFFECT OF SMOKING CIGAEETTES ON THE PEBIPHEEAL 
BLOOD FLOW IN SUBJECTS IN THE OLDER AGE GROUP WITH 
CORONARY ARTERIOSCLEROSIS AND HYPERTENSION 

, Harold J. Stew.uit, MD., Helen S. Hasicell, M.D., and 

Halla Brown, IiI.D. 

New York, N. Y. 

T he effect of the smoking of tobacco on the circulation has been the subject 
of many investigations. Its effects on the peripheral vascular system have 
taken on especial interest with the concern in the last few years about peripheral 
vascular diseases. In 1943, Evans and Stewart^ reported observations upon the, 
effect of the smoking of cigarettes on the peripheral blood flow in a group of 
young persons from 19 to 36 years of age. They found that smoking decreased 
the peripheral blood flow and increased the blood pressure and heart rate in 
these subjects. Similar effects were observed following the smoldng of de- 
nieotinized cigarettes and those made of corn silk. It was suggested that these 
effects might be due to the effect of smoke on the respiratory tract. The litera- 
ture bearing upon this subject was reviewed at that time. At the time this 
paper was written, a report by Goetz^ which had been published two months 
earlier was not available to us. Goetz also found decrease in peripheral blood 
flow, as measured by digital volume, and attributed the effect also to ‘'reflexes 
set in train by the irritation of smoke on the mucosa of the respiratory tract.” 

Since then, another excellent study of the effect on the circulation of 
smoking cigarettes and intravenously administering nicotine has been made by 
Roth, McDonald, and Sheard.^ They found the effects of smoking cigarettes 
similar to those which we recorded, in the measurements which they made which 
could be compared with our results, but did not observe the effects following 
the smoking of com silk. Their experiments are not strictly comparable to ours 
because of different objectives and different techniques. We were interested in 
the average effect of smoking on the average peripheral blood flow ; therefore, we 
recorded temperatures from eleven areas on the body surface. They were in- 
terested in the temperature of a finger and a toe as samples of the sldn tempera- 
ture and as an index of peripheral vascular constriction. They were of the 
opinion that the effects they observed were to be attributed to nicotine. These 
recent observations of Evans and Stewart,^ Goetz,- and Roth, McDonald, and 
Sheard^ are aU in agreement, however, about the general effects obsen^ed follow- 
ing the smoking of cigarettes. 

Our earlier observations^ were made on individuals in the younger age 
group, as were those of Roth, McDonald, and Sheard.- It seemed important to 
observe the effect of smoking on the peripheral blood flow in patients in the 
older age group, who were Imown to have vascular disease. Such observations 
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form the sufjjeet of this paper. Patients" were accordingly selected who Avere in 
the older age groups and who had loiown arterial disease: coronary artery 
disease, histoiics of coronary occlusion, hj'pertension, or arteriosclerosis. These 
patients showed no clinical evidence of peripheral vascular disease at the time 
these obsciwations were made. In L, JI., arteriosclerotic gangrene of the right 
foot required amputation fortj^-one days before these studies were made. The 
peripheral pulses were good in the left leg, and the skin temperatures of this 
extremity wex’c warm. In the study reported here all the subjects smoked one 
brand of regular (standard) cigarettes. Studies were made of seventeen men, 
ranging in age from 3S to 81 years. 


METHOD 

The measurements of peri])licral blood flow were made by means of a mod- 
ifieation'* of tlie method of Ilai-dy and Soderetrom.® These obsen'ers have shown 
that, at temperatiu’es below 2S° C., the skin functions like a dead insulator 
when the subject isdying nude in the basal state, and that blood flow to the skin, 
thermal condiicti\ity of the peripheral tissues, and vaporization are constant 
and minimum. With an increase in blood flow to the periphery, more heat is 
brought from the deeper tissues to the surface; this increases the thermal 
conductance of the superficial tissues, and, therefore, changes in thermal con- 
ductance become an index to peripheral blood flow. With this method, blood 
flow is expressed as a function of heat loss, surface area, average skin tempera- 
ture, and rectal temperature. Tlie method requires the recording of skin and 
rectal temperatures at known intcrv'als, and of o.xygen consumption, height, and 
body weight. The skin temperatures were recorded with a Hardy-Soderstrom 
radiometer from eleven points on the anterior surface of the body. The eleven 
areas were as follows: (1) forehead, (2) upper part of right side of chest, (3) 
lower part of left side of chest, (4) right side of abdomen, approximately at level 
of the umbilicus, (5) left arm, (6) left forearm, (7) dorsum of left hand, (8) 
upper part of right thigh, (9) lower part of right thigh, (10) leg, and (11) 
doi-sum of left foot. This method measures the total amount of blood allotted to tlie 
peripheiy of the whole body, from the skin inward, for a depth of about 1 
centimeter. It dilters in this respect from those mctliods whicli measure tlie 
amount of blood flow going to a leg, arm, or finger. It is not possible to 
measure the amount of blood allotted to individual parts by this technique, but 
inferences can be made about this from the local skin temperatures. The re- 
sulting blood floAV by this method is expressed in cubic centimeters per square 
meter of body surface. In addition to measurements relating to blood flow, the 
blood pro.ssure.s and pulse rates Averc recorded betAA'een temperature reading.s. 

OP PROenDURK 

The plan of procedure was e.sscntially tlie same as that described in a recent 
publication,* In the present study, measurements of skin and rectal tempera- 
tures ATcro made at tcn-7ninute intcrA'cls, instead of at tAcenty-minute intervals 
as in prcATOUs aa-oiI:. Each net of measurements coA-ered approximately ninety 
minutes. The measuremenf.s of blood pres.suro and pulse rate AA'cre recorded 
during free intervals betAA'cen temperature readings. The ba.sal metabolic rate 
Avas measured before .smoking, immediately after .smoking, and again at the end 
of a raorningls observations. For the period before .smoking, the first value for 
baK.al metabolic rate aatis used in the calculation of peripheral blood floAv'. For 
the period during .smoking, tlie average of the oxygen consumption before, and 
iminediati'ly .smoking was tised for calculating peripheral blood Aoaa'. For 
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the pliase aftei’ smokmg, the difference between the oxygen constimptioh im- 
me^ately after smoking and that at the conclusion, of the experiment was 
diyided by the number of periods of peripheraLblood flow measurements in such 
a way that it was properly apportioned among these periods. All except two 
patients (D. G. and G. T.) were smokers, and all inhaled while smoking. The 
subjects smoked, in succession, two-thirds of two cigarettes at their normal in- 
halation^ depth ^d frequency ; exaggerated smoking was avoided. The duration 
of smoking varied "with the subjects from sixteen to eighteen minutes. A room 
temperature of 27° C., with a relative humidity of approximately 45 to 50 per 
cent, was maintained. The cigarettes were of the same brand for all subjects. 
They were purchased on the open market. 

Four sets of observations were made before smoldng in all except one 
patient (A. K.), from whom three calculations of peripheral blood flow could be 
made. One or two sets of observations were made during smoldng from which 
two or three calculations, respectively, of peripheral blood flow could be made 
which were influenced by smoking. Four or five sets of observations w^ere made 
after the subject had stopped smokmg, from which three or four calculations, 
respectively, of peripheral blood flow could be made. The measurements made 
before, during, and after smoking were each averaged and indicated by “be- 
fore,” “during,” and “after” in Table I. 

^ All observations were made in the morning before breakfast mth the sub- 
jects in a basal metabolic state. After the constant temperature room had 
been brought to 27° C. and around 45 per cent humidity, the patient lay on the 
bed, nude, covered with a sheet for one hour, for the body to adjust to this - 
temperature. A room temperature of 27° C. was selected to be certain that 
vasodilatation was present and available for constriction to take place later 
during smoking, and also in order to make the observations comparable to the 
ones on the younger individuals. 

RESULTS 

The data relating to kl. K. (Fig. 1), 67 years of age, who had arteriosclerotic 
heart disease, coronary sclerosis, and enlargement of the heart, serve to illustrate 
the effects of smoking. The data for all subjects are summarized in Table I. 

Effect of Smoking on Peripheral Blood Flow.— The peripheral blood flow 
decreased during smoking’*^' in thirteen patients and increased'^' in four (Fig. 1, 
Table I) . In those in whom the peripheral blood flow decreased while smokmg, 
the peripheral blood flow continued to fall in the period after smoking, or began 
to return toward or to the control level. The four subjects in whom the average 
peripheral blood flow for the smoking period was increased showed, neverthe- 
less, -during smoking or in the period after smoking, single observations in which 
the peripheral blood flow was greatly decreased. 

For this group of thirteen patients, showing decrease in peripheral blood 
flow during smoldng, the average peripheral blood flow before smoking was 78 
c.c. per square meter of body surface per minute; during smoking, 48 c.c. per 
square meter of body surface per minute; and after smoldng, 59 c.c. per squaie 
meter of body sprface per minute. For the four showing increase in peripheral 
blood flow, the average before smoking was 50 c.c. per square meter of body 
surface per minute ; during smoking, 68 c.c. per square meter of body surface 
per minute; and after smoking, 89 c.c. per square meter of body surface per 
minute. 

. - ' ‘TUcsg croups are designated the "decreased pCTipheral blood flow group and the in- 
creased peripheral blood flow ^oup** in the rest of the paper. 
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The Effect of Smoking on Blood Prcssicrc , — The systolic blood pressure rose 
in eleven instances in which the peripheral blood flow was decreased, and was 
uncliangcd in three patients, while the diastolic blood i)ressiirc rose in every 
instance. The average lor the group showed a blood pressure of 134/79 before, 
145/86 during, and 143/83 after smoking. In the four patients in whom the 
peripheral blood flow increased on smoking, the blood pressure did not sliow 
any significant change as the result of smoking, being 160/89 before, 161/93 
during, and 160/90 after smoking (Table I). 



FijT. I. — In this flgtirr; arc Fhov,n Uic cfTFCta of anioIcInG- clKaroUc*: on peripheral blood 
now, averape .nkin tewp-'ratnro, reetal temperature, temperature.’! of the hands and feet, puhso 
rato. hloo’l proj.i’are, and bar.al metabolic rate In Ah K.. 67 years of nftn, ■who had nrtcrlo- 
Fch'rotlc heart difirare, eoronnry artery dlsearc, and cnlnrfrcmrnt of the heart. All of the 
rnFaruremenU! of the perJphcnU blood Oov,-, temporaturer, etc., are recorded In 0)0 flj?ure. The 
avwKrs for each of the period.”, nanicly, before, durlnjr, and after smohlnp. arc Indicated by 
»olid bars tfith the appropriate BymholB. The peripheral blood flow undcrgoca fluctuation.*! 
from OS'* terj. minute Interval to the- ne.xt ac ban already been described by Stewart and Evan.s.' 

The Effect of Smoking on the Pulse Rale . — TJic pulse nitc incica.scd in eight 
palicui.s atid was unchanged in five in the group showing decrease in peripheral 
blood flov,- as the I'e.sult of .smoking; the averages for tiic whole group were 68 
per minute before, 74 per minute during, and 72 per minute after smoking. Of 
the four showing increase in peripheral blood flow when smoking, two had slight 
sricrea.«*is in rate and two were unchanged; the averages for the whole group 
tvere 03 per mimite before, (58 ner minute during, and 64 per minute aftch 
smoking (Table 1). 

7V’ie Effect of Smoking on Ba^al Metabolic Rate . — There were no .significant 
changes in baicil mctaliolic rate a.s a result of smoking. In the decreased 
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peripheral blood flow ^onp the averages, were +12 per cent before, +12 per cent 
during, and +13 per cent after smoking, although there were changes in in- 
dividual patients. The averages for the increased peripheral blood flow group 
were 6 , per cent before, 11 per cent during, and 11 per cent after smoldhg 
(Table I). 

The Effect of Siiwhing on Average Skin Temperature. — In the group show- ' 
ing decrease in peripheral blood flow when smoking, the average sMn tempera- 
ture decreased in nine patients either during or after smoldng and increased in 
■four.; The average for the group was 33.88° 0. before, 33.81° C. during, and 
34.19° G: after smoldng. The averages for those showing increase in peripheral 
blood flow showed essentially the same trends, being 34.23° 0. before, 34.12° C. 
during, and 34.28° C. after. The average skin temperatures of these patients 
were higher than in the other group. The average maximum fall in temperature 
of the hand after smoldng was 0.20° C., both in the decreased and increased 
peripheral blood flow groups, and in the feet the, average maximum change was- 
0.10° C. increase in the increased peripheral blood flow group and 0.40° C. 
decrease in the decreased peripheral blood flow group. There were wide fluctua- 
tions in the temperatures of the hands and feet (Table I). The hands and feet 
exhibited the most marked changes, and the other areas of the body did not show 
any signifleant trends in the changes which were observed. 

Effect of Smoking on Rectal Temperatures. — In the decreased peripheral 
blood flow group the rectal temperature increased in nine patients as a result 
of smoking, was unchanged in three, and decreased slightly in one. The average 
for the group was 37.03° C. before, 37.06° C. during, and 37.10° C. after smoldng. 
The rectal temperatures increased in all of the four patients showing increase in . 
peripheral blood flow when smoking; the average was 37.15° C. before 37.21°. C. 
durhig, and 37.19° C. after smoking (Table I). 

DISCUSSION 

The peripheral blood flow decreased, as a result of smoldng regular 
cigarettes, in thirteen patients and increased in four patients. In these latter 
four patients, however, the peripheral blood flow decreased in one or more of 
the values recorded either during or after smoldng. The patients participating 
in this study were aU in the later decades of life, had eddence of vascular disease, 
and were those in whom the vascular system may presumably have lost some of 
its resilience. In some instances the maximum fall in peripheral blood flow was 
attained w:hile smoking and in others it was lowest in the period after the sub-. 
,ject stopped smoldng. In the subjects in the younger age group studied by 
Evans and.Stewart,i there were six subjects in whom the peripheral blood flow 
decreased during the smoking of standard cigarettes in a manner comparable 
to the thirteen subjects in the observations now being reported (Table I). The 
averages for this normal group were 88 c.c. per square meter of body surface 
per minute before, 50 c.c. per square meter of body surface per minute during, 
and 60 c.c. per square meter of body surface per minute after smoking. The 
percentage changes as a result of smoking were, therefore, slightly greater in the 
nonnal group (the average decrease occasioned by smoldng was 38 per cent in 
the older decades and 43 per cent in the younger decades) and the average return 
to the 'Control levels took place more slowly in the younger age group. 

. - . In this older age group, the decrease in peripherah blood flow was accom- 
panied by a slight rise in rectal temperature and by a slight fall in sldn tern- 
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STEWART ET AL. EFFECT OF SMOKING ON 

perature mtli a fall in hand teinperatnre* For the whole group there was, on 
the other hand, a rise in foot temperature and a rise in blood pressure and in 

pulse rate. 

The decrease in peripheral blood flow with smoking is an expression of the 
arteriolar constriction which takes place. There is a decrease in skin tempera- 
ture. As the body is unable to lose as much heat through the sMn in which there 
is arteriolar constriction the rectal temperature rises. Another instance in which 
this 'Occurs in the human body was shown clinically by Evans and Stewart® in a 
patient who suffered from an adrenal pheochromocytomav In this patient the 
jjeripheral blood flow was decreased, the rectal temperature was elevated, the 
skin was cold, and the heart rate was increased before operation when the patient 
exhibited an elevated blood pressure, even though there was marked elevation 
of basal metabolic rate. After removal of the tumor, the basal metabolic rate 
fell to normal, the peripheral blood flow increased, the rectal temperature feU, 
and the skin temperature rose. 

Wlien the changes resulting from smoking in these older persons are com- 
pared with the averages of six young individuals, the faU in peripheral blood 
flow, as we have already indicated, was slightly less (and in foot and hand tem- 
peratures was very much less) and the rise in blood pressure and pulse rate was 
. less in the old age group. The effects of smoking standard cigarettes, therefore, 
in the older age group are essentially the same as in the younger normal age 
group, but they are quantitatively less. 

The difference in magnitude of response to smoking in these older subjects 
may b^ due to the arterial sj’-stem, in them being more rigid and less resilient 
than in the younger individuals. Alteration in response to stimuli with aging 
of the human organism is a common experience. For instance, it is well Imown 
that atropine increases the heart rate much less in an older individual than in 
a younger one. These changes, so far as the effects of smoking standard 
cigarettes are concerned, are the same as those found by Evans and Stewart^ and 
Eoth, McDonald, and Sheard® in young normal subjects. 

It has been shown in these observations that the smoldng of two cigarettes 
not only brings about alterations in the peripheral blood flow, blood pressure, 
and heart rate, skin temperature, and rectal temperature, while the cigarettes 
are being smoked, but the effects may still be present as long as thirty minutes 
aftervmrd. It is apparent that with repeated smoking at short intervals these 
effects of smoking may be more or less continuous and persistent throughout the 
smoking period of the twenty-four hours. 

Clinically, there did not appear to be any characteristics to differentiate 
the four patients in whom smoldng increased the peripheral blood flow. In them, 
moreover, there was no significant change in blood pressure or heart rate on 
smoldng, further indicating a basic difference in response. 

Since smoking cigarettes is now shown in the older age group as well as in 
yomig subjects to give rise to arteriolar constriction and certain other effects on 
the cardiovascular system, the data now being reported indicate that smoking 
may be harmful in certain peripheral vascular diseases in which the blood sup- 
ply to the periphery is already decreased. Since smoldng decreases the periph- 
eral blood flow and decreases the sldn temperature of the hands and feet it is 
not out of order to ask whether or not it is wise to allow wounded and “shocked” 
soldiers and sailors to smoke in spite of ‘the “lift” which they derive from 
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SUililARY 

The cftecl of smoldug standard cigarettes on the peripheral blood flow was 
studied bj* means of a method %nth which the average amount of blood allotted 
to the periphciy can be measured in cubic centimeters per square meter of body 
surface per minute. The peripheral blood flow was measured in seventeen pa- 
tients vrho exhibited evidences of hypertension and coronai’y arteriosclerosis 
and who were in the older age group ranging from 38 to 81 years of age. Effect.s 
on the basal metabolic rate, blood pressure, and pulse rate Avere also recoi*ded. 
Studies were made before, during, and after the smoking of one brand of regu- 
lar commercial cigarette.?. All obser\*ations were made with patients in a basal 
metabolic state at a room temperature of 27° C. and 45 to 50 per cent humidity. 

1. As a result of smoking, the peripheral blood flow decreased in thirteen 
subjects and increased in four subjects. In the four showing increases, the 
pei'iphcral blood flow decreased for single observations either during or after 
smoking but not sufficiently to coimtcrbalance the average trend of increase in 
peripheral blood floAv for the w’hole period of the obseiwations. After cessation 
of smoking the peripheral blood flow continued to decrease in some and began 
to return toward the control levels in others. 

2. The blood pressure rose and the pulse rate increased in the group in 
Avhich smoldng decreased the peripheral blood Aoav, but it was essentially un- 
changed in the group in Avhich smoking increased the peripheral blood flow. 

3. The rectal temperature rose as a result of .smoking. 

4. The average skin temperature decreased as a result of smoking. 

5. These changes resulting from smoking arc similar to those occurring in 
normal subjects. 

G, The changes in peripheral blood flow, blood pressure, heart rate, rectal 
temperature, and a%'crage skin temperature (especially the temperature of the 
hands and feet) Avere, hoAA’eA’er, less marked in these patients in the later decades 
of life than in normal young subjects. 
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ELBCmOOABDIOOEAPHIC CHANGES IN EABLY SYPHILIS PEIOR 
TO AND UPON CO]\IPLETION OF INTENSIVE ARSENOTHEBAPY 

Captain Solomon H. Klotz, M.C., and Captain Robert H. Crede, M.C. 

Arliy op the United States 

I N SYPHILIS, the blood stream is invaded early in the infection, and it is 
generally admitted that, during this period, the treponemas lodge in the 
various viscera.^ Yet many observers^ deny the early invasion of the heart, ex- 
cept on rare occasions, and have held that cardiac sjiihilis is essentially a late 
manifestation, usually occurring fifteen to twenty-five years after the original 
infection. Wilson and his co-workers^ were convinced that reliable clinical evi- 
dence of electrocardiographic involvement of the heart or aorta during the 
primary and secondary stage must be exceedingly rare. Turner and White’s^ 
observations showed nothing conclusive to indicate changes in the heart muscle 
in the primary and secondary stages. 

Our hospital unit had been receiving many untreated eases of early syph- 
ilis. In view of the conflicting opinions in the literature and also the lack of 
^ previous demonstrations of significant alterations in the electrocardiogram in 
early syphilis, it was considered opportune to investigate this problem.- A re- 
port of our findings appears to be of interest. - , 

METHOD AND PROCEDURE 

Routine electrocardiograms were taken in one hundred consecutive cases of 
primary and secondary syphilis that were admitted to this general hospital for 
the twenty-day course of intensive arsenotherapy recommended at the time in 
this theater. Briefly outlined, the treatment consisted of the intravenous injec- 
tion of 1 mg. Mapharsen per kilogram of body weight per day, the total dose 
not exceeding 75 mg. daily. The electrocardiograms were talien prior to, and 
upon completion of, the arsenotherapy. The conventional limb leads were ob- 
tained with the patient in a semirecumbent position, to exclude alterations at- 
tributable to changes in position. The galvanometer was standardized to a sensi- 
tivity of 1 cm. deflection per 1 millivolt. The patients were normal American 
soldiers who were admitted for untreated primary and secondary syphilis. 
The patients all received a complete medical examination before the commence- 
ment of therapy. Laboratory studies, in addition to the electrocardiogram, in- 
cluded a complete blood count, a platelet count, measurement of bleeding and 
coagulation time, urinalysis, determination of the sugar and nonprotein nitrogen, 
of the blood icterus index, intravenous hippuric acid function test, and examina- 
tion of the spiaal fluid. In the case histories given below, only the abnormal 
findings will be noted. 

RESULTS 

Four patients (4 per cent) of our series on admission showed definite altera- 
tions fTom the normal electrocardiogram. Following the twenty-day course of 
intensive arsenotherapy as previously outlined, the electrocardiograms in these 
cases had all become normal. 

Heceived for publication April 11, 1945. 
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None of the patients -R-itli a negative quantitative Kalm lest on admission 
shovred any electroeardiograpliic changes, vrhile four out of lift)' patients (8 
per cent) mth primary and secondary sj’philis and positive quantitative Kalm 
tests shoved abnormal tracings. Two out of seven patients (29 per cent) mth 
skin lesions of secondary syphilis and tvo out of ten patients (20 per cent) 
with a generalized lymphadenopathy had abnormal electrocardiographic- findings. 

The alterations were chiefly found in the final deflection. The T waves in 
four cases were abnormally low before treatment. In Lead I, the T waves were 
isoelectric in one case, almost isoelectric and slightly diphasic in another, and 
less than 0.5 mm. amplitude in every instance. In Lead II, the T waves were 
inverted in one ease, isoelectric in another, and less than 0.5 mm. amplitude in 
everj' instance. In Lead III, the T waves were isoelectric or inverted in all the 
cases, Follovring the twenty-day coui-se of aisenotherapy, the T waves increased 
in amplitude to normal levels in cverr instance (Figs. 1, 2, 3, and 4 inclusive). 

There v;ere at least six additional cases that .showed definite increases in 
the amplitudes of the T waves following therapy; but, though the T waves 
were of low voltage prior to the therapy, the electrocardiograms were still Avithin 
normal limits (Fig. 5). 



rie. 1 , — Cn-f 1, ,t, Oci, 9. ltM2, cltctrocrxrCloKMm erior to ar.'if-notlif'rapy nhov-'lni; 

Rt'fsofmil T v.jivtvi, /f, JCov. 7, tlif- T Inrrf'ayf'C In anirilitiiFif' folIowlnK liio twf'nty- 

t!--)' f-.or.,' of £ir-.'n»tf)(-rnpy. 


Oeeasionaliy, there was low voltage of the initial complexes with .some 
.''lun-ing, and the S-T segments Avcrc .slightly rlcjircssed. In one imstance, por- 
.slstent ectopic ventricular extra.sy.sloles Avere present; they disappeared only 
during the therapy. One case shoAA'cd a shiJtimr pacemaker Avhich di.sappearcd 
at the time of completed m-s'^-nothcraijy. 

In none of the ear,c-s Avas there evidence of any recent illne„ss other than 
syphilis: nor v;as there any history of cardiovascular or allied di.seasas. 
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Physical exammation revealed a ■well-developed young' adult witli a generalized maculo- 
squamous sMn eruption and a generalized shotty Ijunphadenopatliy. There was -a shallow 
\ilcer on the shaft of the penis. The heart was of normal size and configuration; the heart 
sounds were of normal quality and the blood pressure was 128/78. 

Tlie quantitative blood Kahn te.st was positive in a titer of 160 units. An electrocardio- 
gram taken prior to therapy showed a regular sinus rhytlim of 66 per minute. The T waves 
were less than 0.5 mm. in amplitude in Leads I and II and slightly inverted in Lead HI (Kig. 
1, A). The second electrocardiogram, taken seven days after arsenotherapy, was completely 
normal (Fig. 1, B). 


Case 2. — A 2o-year-old Negro was admitted to the hospital with a history of multiple 
penile lesions and a generalized skin rash of three weeks' duration. His health prior to tliis 
had alwaj's been excellent. 

Physical examination revealed a thin, somewhat anxious*' young Negro. There ■were 
generalized discrete keratotic skin lesions, about 0.5 cm. in diameter, which were receding; 
lesions on the tongue, palate, and tonsils; condylomas on tlie scrotum; and shallow ulcers on 
the shaft of the penis. There was a generalized lymphadeuopathy. The heart was of normal 
size and configuration and hyperactive to palpation. On auscultation, a transient sofi systolic 
murmur was heard at the basal area with an accentuation of the second pulmonic sound. 
The blood pressure was 154 to 124/86. 

The quantitative blood Kahn test was positive in a titer of 80 units. The first electro- 
cardiogram taken prior to arsenothei-apy showed a sinus tachycardia of 104 per minute. 
The T waves were almost flattened and slightly .dipimsic in Lead I, less thauL 0.5 mm. in 
amplitude in Lead II, and inverted in Lead 111 (Fig. 2, .1). Ten days following therapy, 
the electrocardiogram had become normal with T waves of normal amplitude (Fig. 2, B). 



A. B. 

Fig. 2. — Case 2. A, Oct. 4, 1943, electrocardiogi-am prior to arsenotherapy showing ab- 
normal T waves. B, Nov. 7, 1943, the T waves increased .in amplitude follo^wing the twenty- 
day course of arsenotherapy. 


Case 8. — A 33-year-old Negro was admitted to the hospital with a history of a penU 
lesion of three weeks' duration. The past history was entirely negative. 

Physical examination revealed a well-developed young adult resting comfortably, ' Hi 
heart was of normal size and configuration; the sounds were of normal^ quality, and the bloo 
pressure was 134/80. There .were two small ulcers on the penis. 

_ The quantitative blood Kalin test was positive in a titer of 10 units. The first electre 
cardiogram^ showed regular sinus rhythm of 84 per minute. The T waves were 0.5 mn 
ampitade in Lead I, isoelectric in Lead II, and slightly inverted in Lead III (Fig 3 A) 

““S'oaoi' of arsenotherapy, the elcetrocardiogram showed an increase 1: 
amplituae of the T waves to a normal height (Pig. 3^ J^), 





A.\!i;UlC.VX UKAUT .lorilNAL 


>'-h; -j, — X ^S-rcar-oM Xegro was admitted to the hospital mth a history of a peuik- 
iesion nf three ij-iOatiLS-' dnralion and a persistent lieadacho with raoderTite weaknes-- of several 
days dunitioti. Hi- ifasi history was not significant. 

I’hy.-ioa! erarninuiion revealed an adult Kcgio lying quietly, but uncomfortably, in bed. 
The heart v.:i> of isormal size and configuration; tiro sounds were of normal quality, and the 
blood pressure was 120/80. Tv.’o shallow ulcers were present on the corona of the penis. 
A few discrete small nontonder axillary and inguinal nodes were palpable. Tire deep re!lesc.“ 
were liypenrctivc hut equal hilalcrally. There was moderate nuchal resistance on flexion. 

On admission, the quantitative blood Kahn test was positive in a titer of SO units. 'I'lu' 
spinal fluid was dear with normal draiamics; there were 341 celts per cubic rnillimelcr with 
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31 polymorphonuclears and 110 lymphocytes; total proteins^ 56.2 mg. per cent; sugar^ 02.3 
mg. per cent; Kahn test, negative; and colloidal gold curve, 0012332000. 

The electrocardiogram tahen prior to massive arsenotherapy showed a regular sinus 
rhythm of 60 per minute. The T waves were isoelectric in Lead I and inverted in Leads 
II and HI (Kig. 4, A). The second electrocardiogram taken seven clays after completion of 
the arsenotherapy showed a return to normal with positive T waves of 1.4 mm; amplitude 
in Lead I and 1 mm. amplitude in Lead II (Fig. 4, K). 

It was also noted in this patient that, during the therapy, the spinal fluid findings rc- 
(urned to normal; the quantitative Kahn test became negative; and the patient was entirely 
asymptomatic upon discharge. 



A. B. 

f 

Figr, 5. — A, July 15, 1943, electrocardiogram prior to arsenotherapy showing low voltage 
T waves. B, Aug. 15. 1943, the T w'aves increased in amplitude following the twenty-day 
cour.se of arsenotherapy. 

DISCUSSION 

There is a great dii'ergenee of opinion as to the frequency with which 
clinical, electrocardiographic, and radiologic evidence of involvement of the 
heart can be found in early .sypliili.s. It seems to be the consensus among recent 
investigators that conventional forms of examination yield very little as or- 
dinarily applied. Wilson and liis co-workers (60 cases),® Turner and White 
(50 cases) Arnett (25 cases), ^ and Ingraham and Maynard (27 cases),® all 
had found no signiheaiit alterations in the olectrocardiograms of primary and 
secondary syphilis. 

Yet earlier workers found clinical symptoms and signs of early invasion 
of the heart and aorta. Brooks (1921),® in a study of 300 cases of secondary 
syphilis, found- clinical evidence of cardiac involvement in 8 per cent of the 
cases.' Hermann® discussed a ease of pericarditis in a patient -with a severe 
roseolar rash of acute syphilis wliich cleared promptly yvith intensive arseno- 
therapy. Stokes' states, ''There is every reason to believe, from what is known 
of the pathologic mechanism of the disease, that cardiovascular syphilis should 
he aU hut universal during the late primary and early eruptive stages of the 
infection.’^ Warthin’s work suggests that the myocardium is involved with 
' great frequency as a blood stream infection, so that the invasion would be a 
priori in the secondary stage. It is established that spirochetes will invade the 
myocardium; this is evidenced by the ease with which they can he visualized 
in the myocardium in congenital syphilis.® 
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Gooml's'’ desei-ibes an acute vjiseular infianimation in the early stage, oven 
heiore the slcin rash appears, whicli is called an acute coronaritis. Pathologically, 
there are small blood vessel changes, localized perivascular or more difiuse myo- 
cardial mononuclear cell infiltrations. 

}ifaster^° observed six eases of syphilis ivith lov* voltage T rvaA'cs. Unfor- 
lUimlely. there is no information given as to Avhethcr they were early or late 
eases of 81-13111118. One of the patients, aged 37 yeai-s, with s3*philis of the laiynx 
and bones and a 4-plus AVassermann test, received antisypbilitic therapy for 
one and one-balf yoai-s. Following this, the Wassermann lest was negative and 
a repeated electrocardiogram showed an incrca.se in the amplitude of the T Avave.s 
in Leads I and II. Master felt the flat T wave in these cases may have been 
due to a .syphilitic involvement of the myocardium. One of ns (Klotz) has 
ohson'cd a patient with syphilis of the bones whose electrocardiogram sliowcd 
Oat T waves. After six months of iodide therapy, there was marked clinical 
and radiological evidence of improA'cment in the bony involvement and the 
flcf'trocnrdiogram .showed an increa.se in the amplitude of the T waves. 

In their observations of olcetroeardiographie changes in 23 eases of early 
syphiii.s followimr the five-day mn.ssivc arsenotlicrapy (240 mg. Mapliarsen daily) 
Ociecr and his co-%vorkei*s” were concerned mainly with the diminution, dis- 
ji}>j3caraiH‘(“. or reversal of the onginnl upright T-wavo deflection during flw' 
therapy with subsequent return to normal Ica'cIs within a few weeks. These 
(•lianves oi'ciirrod to a lesser degree with the twenty-day aiscnothcrapy regime 
in about 10 per cent of our series. However, it was noted that the T waves 
in many of their cases subsequently returned to levels higher than were present 
5!! flic trncinus taken prior to the omset of the therapy. 

It is difTiciilt to explain the ah.sence of demonstrable electrocardiographic 
ciuimrcs ill the series of recent investigators. All onr patients were soldieivs on 
foreign duly who wore received untreated, directly from their nnit.s. It was 
noted, in the series of Turner and While.’ tliat all the juiticnts had received at 
least tliree arsenic injection.s liefore the sludie.s wore made. Stokes,' in his 
di‘'’C!]s.sion of the early detection of meningeal involvement, states. “It is im- 
portant to realize that the aue of (he infection and the amount of treatment 
uivri) the patient before (he fn>t spinal finid examination will markedly influence 
the pe] 7 -i.|-,{;wT,- of ahnoiinalil y found.'* Perhajis this .should ahso he applied to 
the detection of early elcctrocardioirraphic eliange.s. In one of our cases (Case 
4), the patient had evidence of early meningeal involvement in addition to the 
elcftroeardiogr.ijihie chunge.s; hotli heenmo normal at the conclusion of the 
}irseuothc-rapy. 

It Is pr«»hnhlc that the T-wnve changes oliscrvcd in our eases are indicative 
of Tnyocanlial dlsf urhaneoc secondaiy to the .syphilitic infection. That they 
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IfM-n made in oiher acute infectious and deficiency states. In all 
^ V, ith eazJv sypltilis who have been treated with the twenty -day 
-enottu-rapy mctiied the .secomlaiy lesions of the miicou.s membranes 


t/ tl.e eoo.r^ •:» of th-crapy. .‘^mcc at th.is .st.at'e of the di.sea.so, the patiiologic le.sion.s 
r.re uiufo.-m in type, it is iVd that the heart has healed in n similar manner. 


si;.MMARy 


L In a ron<- e«t!>.v v-ries of onr hundred eases of prinuuy and secondary 
’-ypldr:-, nr'-s.-uif,] d-owiinr abnormal T waves in the cleclro- 

i-ordsocra'r.s. The- -‘-ouipMr.lv noimial follov.-iTitr a twenfy-dav course 
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» 

of arsenotherapy. Six additional cases showed low voltage T waves, which 
i increased in amplitude at the completion of the arsenotherapy. 

2. Other findings noted in isolated instances were low voltage with some 
slurring of the initial complexes, slight depression of the S-T segments, per- 
sistent ectopic ventricular extrasystoles, and a shifting pacemaker, all of which 
disappeared upon completion of the arsenotherapy. 

3. It is felt that the electrocardiographic changes observed are indicative 
of myocardial disturbances in early syphilis which recovered following intensive 
arsenotherapy. 
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STUDIES CONCERNING THE ETIOLOGY AND' PATHOGENESIS 01*’ 

NEUROCIRCULATORY ASTHENIA 

IV. The Respiratory Manifestations of Neurocirculatory Asthenia 

Major Meyer Frusdaian, M.C."- 
Army of the United States 

A lthough the patient suffering from neurocirculatory asthenia (NCA) 
experiences various symptoms, those whicli appear to arise from dysfunc- 
tion of the respiratoiy system incapacitate iiim most severely. The patient 
witli NCA can endure excessive ])erspiration, liyperthermia,^ occasional or fre- 
(pient episodes of giddiness,” tremor, the sharp transient tjqic of precordial pain,”’ 
a)id nervousness, hnt he seemingly is overwhelmed ivhenever tachypnea and 
dyspnea are part of the sjmdrome. And, unfortunately, easily induced tachyp- 
nea and dyspnea occur in over 90 per cent of patients with NCA.’^* Further- 
more, it has been found^ that the tachypnea occurring in the patient with NCA 
is responsible in many instances for the tachycardia which also may arise in 
conjunction with the former manifestation of the syndrome. "Wood^^ has pre- 
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senfed evidence, too, that suggests that the dull, i)crsisteut type of prccordial 
pain frequently experienced bj* these patients is due to respiratoiy nialfimction. 

The exact causes for the I'cspiratory disti'css of these patients are still un- 
knmvn. Several investigators®' have suggested that the entii-e syndrome of 
neuroeirculatorj- asthenia witli all of its manifestations, might be one of hjq>er- 
ventilation, but this suggestion has been discarded by more recent investi- 
gators.®* It M'as also suggested lliat the respiratoiy s^miptoms were due to 
cardiac dysfunction, but, in a previous studj',® vre were unable to defect any basic 
caifliovascular abnormality in patients 'with this syndrome. 

Because of the importance of the re.spiratojy .s'y.sfem in ncurociirulatory 
a.sthenia, studios M’crc made of fifty-four of tlie sixty patients ivith NCA of our 
series, who complained of dyspnea. In these studies, an effort -was made to de- 
termine (1) the nature and cause of the tachypnea and dyspnea and (2) the 
pathogenesis of the dull, prolonged tj-pc of prccordial pain so frequently com- 
plained of. The results of these studies follow. 


THE NATURE AND CAUSE OK THE TACUVI’NEA AND DVSPXEA 


A. The Organic Status of the Lungs . — Clinical surveys, teleroentgenograms, 
sedimentation rales, and multiple examinations of sputa for the tubercle bacillus 
were performed on each of the fifty-four patients with NCA studied. No evi- 
dence of acti%'C or chronic disease wa.s found by these diagnostic mea.snres in a 
single one. 

jMea.suremcnls of the vital capacity were obtained from fifteen patients 
who complained of experiencing severe dyspnea on slight exertion. It was found 
that their a'\jorage vital capacity was 4,400 c.c., or 2.3 liters per square meter, 
■whicli, according to the standards of Gross,* represented a value M'ithin normal 
limits. Thus it would appear certain that not only were the lungs of the patient 
Math NCA free of disea.so, but they M'cre also normal in ability to talce in and 
expel -sufiicient quantities of air. 

B. The Capacity for Holding the Breath . — In hot)) organic pulmonary and 
cardiac disease of a degree severe enough to produce dyspnea, the breathholding 
time i.s also reduced and both jn-oce-sses seem to be dc])cndcnl on the same 
etiological factors. Likewise in tiie patient with NCA suhjeef to dyspnea, it 
h;'« bren obsen'cd'^' that the hrealhholding time is reduced. In our series of 
patients M'ifh NCA, complaining of dyspnea on .sliglit exertion, the average 
brenthholding time was found to be 40 .seconds (range: 25 to 60 seconds) 
wltscli. when conqiared to tlie average brcatbliolding time of 58 s'oeonds (Range: 
35 to 100 seconds), found in thirty noiannl individuals, represented a moderate 
lint definite dcfrea.M'‘. Furthermore, the hrcathholding time ivas found to be 
directly rcl.'itcd to the severity of the dj'spnea sufiered, because in ele%’en pa- 
tients sabjcct to severe breathlessness on the .slightest exertion, the a'^’crage 
bri-athholding time tvas found to be c\'eii further reduced (aveiagc; 32 sec- 
onds). It seemed most likoly, then, (hat the fame mechanism underlying the 
dyspufia in the p-atimit with NCA wn.s also rf.-sponsible for the diminution in 
duration of brcathholcling. Accordingly, the factors underlying the dccrea.se in 
time of brc-alhholding were investigated. 


C. The JleJoti’/v, nf 0~vtj(n nxrer^ to the Brcathholding Capacitij. — Five 
patleii?.'". vdtii tomplajnin" oi severe dyspnea on slight c.xertion, and five 

nonnal persons were alfowt'd to tuef.ijj*- pure oxygen for three minute.s. At 
tj.e end of tliis time, they wm-c in-trurted to liohi thfir breath as long a.s pos- 
h was fmmd Ifiat .-ivn-apo br<’alhlsolding time of the five pntienis 
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with NOA was 32 seconds before, and 34 seconds after, the respiration of oxygen. 
However, the breathliolding time of the five nomal subjects was 60 seconds 
before, and 90 seconds after, the same procedure. Thus, the normal person 
gained approximately 50 per oent in breatiiliolding time, whereas no appreciable 
gain occurred in the patient with NCA. This suggested that the decrease in 
lireathholding time (and, by inference, the dyspnea also) of the patients mth 
NCA was not due to oxygen lack because they were not benefited by an excess 
of it. 

D. The Relation of Oxygen Lack to Tachypnea and Dyspnea. — The same 
five patients with NCA and the five normal persons previously described, were 
then given pure nitrogen to breathe by mask, after basal respiratory and pulse 
rates had been obtained. Tliey were instructed to signal ivith the right hand 
when they first experienced unendurable dyspnea. As Table I indicates, the 
patients with NCA, despite the fact that they were breathing no oxygen, ex- 
liibited no greater increase in respiratory or pulse rate than did the normal in- 
dividual. Of even greater importance, they did not experience more rapidly 
occurring dyspnea than did the normal individuals, although they were deeply 
cyanotic fully thirty seconds before they signalled the onset of unbearable 
dyspnea. These observations indicated conclusively that neither the tachypnea 
nor the dyspnea of the patient with NCA Avas dependent on an oxygen deficiency, 
either in the blood or in the tissues, because it was obvious that as long as these 
patients were allowed to go through the sheer, but oxygen-profitless, mechanics 
of breathing, neither objective nor subjective differences in cardiorespiratory 
dynamics were observed between them and the normal subjects. 


Table I. The Time op Onset op Dyspnea in P.vtients With NCA and in the Normai, 
Person.s Dpriko the Inhalation op Pure Nitrogen 


CASE 

BREATH- 

HOLDING, 

MaVXIMUM 

(SEC.) 

BE 1 ORE NITROGEN IN- ' 

HALATION 

DURING NITROGEN INHALATION 

RESPIR-ATORY 

RATE 

(PER MIN.) 

PULSE RATE 
(PER MIN.) 

TIME OP 
ONSET OP 
VNENDURABI E 
DYSPNEA 
(SEC.) 

RESPIRATORY 

RATE 

(PER MIN.) 
AT END 

PULSE RATL 
(PER MIN.) 
AT END 



Paiient.9 With NC.4 



28 

25 

20 

82 

210 

26 

122 

42 

.82 

18 

80 

195 

28 

120 

45 

30 

20 

81 

220 

28 

124 

46 

28 

IS 

84 

165 

32 

130 

50 

45 

20 

78 

240 

30 

126 

Avei age 

32 

19 

82 

206 

29 

124 



Xoimal 



0-1 

53 

18 

70 

180 

30 

130 

C-2 

60 

18 

84 

200 

28 

122 

0 .3 

/o 

20 

80 

220 

28 

134 

0 4 

50 

18 

74 

210 

32 

‘ 122 

Co 

00 

18 

82 

218 

20 

118 

Avoi age 

59 

18 

80 

205 

29 

125 


E. The Relation of Carbon Dioxide Excess to Breathholding Capacity. 

Although it Avas foiuid that the diminution in breathholding and the occurrence 
of dyspnea in the patient A\dth NCA Avere probably not due to a deficiency in 
oxygen supply, the possibility remained that these abnormalities in respiration 
Avere due to an abnormal increase in the blood gas, carbon dioxide. Accordingly, 
five patients Avith NCA and three normal persons Avere instructed to hyper- 
ventilate for seventy-fiA^e seconds (rate of respiration: 50 per minute) after 
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A:.n:HfCAX hi:ai{T .touknal 


a'AiuA; rr, Thk l^rKL-cr or HyrEKVENTiuATioN ox the Brkathholdixg Ability or Patiext,'^ 

With NCA akd or Xokstae Peksoxs 


5 

BErORE Iin'EF.VEXTIl..VnOX 1 

IMMEDI.VTELY .AVTT.R 

1 UTPERVEXTILATIOX 

t 

C.\K3: 1 

iir.n.\T3moi.DLN'0 

ATAxnrr-M 

(EEC.) 

CO, COSIBININO 
POWER-PLASMA 
(YOL.%) 

EREATiniOLDIXO 

JI.VXIMUM 

(SEC.) 

CO, COifBIXIXO 
POWER-PLASMA 
(VOL, Tc) 

ao 

40 

Patimts IVifh KCA 
55 

15 

•l!i 

-jg 

30 

02 

1.0 

50 

't t 

40 

56 

2(i 

50 

55 

3.0 

50 

28 

•15 

-Average 

;!.s 

50 

21 

■Iff 

C-2 

00 

-Vof mat Pcrsc^nx 
.00 

SS 

40 

c-:; 

75 

54 

SO 

48 

C-l 

50 

54 

so 

48 

Average 

02 

55 

8.0 

47 


control del erininat ions had boon taken of their- broathholding; capacity and tlie 
carbon dioxide coinliining jiow’er of venous blood. Immediately after the ees- 
.sntion of hyjicrvcnlilation. a second determination of brcathholding and of the 
carbon dioxide combining power of the venons blood was obtained. As Table II 
.shows, although in both the noniial person and in the patient with NCA, the 
blood carbon dioxide concentration was appi-oximately equal and fell after 
}iy{K*n-enti!ntion by equal amounts, the brcathholding ability' of the patient was 
not only abnormally curtailed before liyperventilatiou, but failed to improve 
»*ven after hyperventilation. These ob.scrvations thus indicated that the de- 
crease in brenlhholding time and, pre.sumably also the dyspnea of the patient 
with X(JA. were phenomena which were not dne to an execs.s of caiboir dioxide 
in the blood. 

F, The Uis})iniiion Duriuf/ Ffforf. — Althougl) it liad been noted many time.s 
in tin- jaist that the respiratory and pul.se r-atc of the patient with NCA minht 
iiK'iea^'t' inordinately during effort, the observations strongly sugge.sled tlial 
5!u- tachypni*a and dysiniea during effort wei-c not dne either to abnormalities 
ni concent rut ion of oxytren or to carbon <]ioxido in the blood. .Since it was also 
unnid previously' that the .'avrliac aimormalilic.s occurring in the jialicnt wdfli 
N<‘A during effort were conceivably initiated by (he I'cspiratory dy.sfnnction. 
it seemed tjuitc likely that tlu- rtspiratory dy.sfmiction was neurogenic or 
psjcliogenic in origin. 


in order to study this p<>ssihiH(y, a group of si.x patients with .NCA, com- 
ol.ining of .‘■•‘vere dy.spnea on .slight exertion, and .six norma! young adult. s 
v.rr..- nliouct! Ut perform a test previously described' without preliTuinjir,> intro- 
fj'etion «,r orientation. It was observed (Table III,* tliat the resjiiratory and 
>: of the patients willi NCA incroasetj markedly and abnormally in 




ra?( 


>■- oa ! I 'ui with those uf nonua! per.sons. F<tr e.vample, tlic a\erag(' i-e.spiralory 
and p-ifs.. latt •, in the pnficnt.s with NCA. an<'ron!\ thirty seeomls of perform- 
ing the v.is 27 and 318 per titinnfe.' iv-.p-ctivcly. whereas il wa.s 20 and SO 
per minute. n-'p“i-iively, in the norma) ymnn.' adults. However, wlien the same 
group-, p.-rfon.n <5 tl-c tc-st after two practice trials Clnring which the tc.st was 
di’^ i)ntin\!'d appro.ximately ten '-roumlx after it was began), it was observed 
.Trbh TlTt ihrii tl.- r'wpiratory and pnbe rntf^ of the patients with NOA did 
g'.t nnert any m-iro th.-ir: did <,f the norma! persons taking the tc.<,t. This 
s?gprot»?:j.'nr in the var.lh're-.pij atom- dynamics of the patient w'ilh NCA could 
h-.-.e da* CO s?;.-na-.d mns -tilar etileiency In p*-rfnrming the test hecnnsc 
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Table III. The Bespieatory akd Pulse Rates of Patients With NCA and Normal Per- 
sons During a Special Exercise Test (Before and After Orientation) 





I DURING EXERCISE 


! 


} AITER 30 SECONDS 

1 AFTER 60 SECONDS 

AFTER 120 SECONDS 


BEFORE EXERCISE ] 

1 OF EXERCISE 

1 OF EXERCISE 

OF EXERCISE 


RESPIRA- 


RESPIRA-] 


RESPIRA- 


RESPIRA- 1 



TORT 

pulse 

TORY 

PULSE 

TORY 

PULSE 

TORY 

PULSE 


RATE 

KATE 

RATE 

RxVTE 

RATE 

RATE 

RATE 

RATE 


'(PER 

■ (per 

(PER 

(PER 

(PER 

(PER 

(PER 

(PER 

CASK 

i MIN.) 

MIN.) 

MIN.) 

MIN.) 

MIN.) 

MIN.) 

MIN.) 

MIN.) 




Before Orientation 




A. Paiicnts 

With NCA 








21 

20 

80 

24 

100 

28 

110 

30 

120 

2.1 

18 

SS 

24 

120 

30 

124 

32 

122 

24 

22 

02 

28 

124 

32 

122 

34 

128 

2.1 

20 

82 

.32 

128 

34 

130 

32 

136 . 

2G 

22 

SS 

28 

IIG 

26 

124 

28 

130 

27 

IS 

S2 

24 

120 

28 

128 

30 

134 

Average 20 

8.1 

27 

118 

30 

123 

31 

128 

/>. Normal Person.^ 








G-1 

IS 

78 

20 

OG 

22- 

OG 

24 

00 

G-2 

21 

7S 

20 

04 

24 

104 

24 

104 

G-3 

10 

.SO 

Oi> 

00 

22 

08 

24 

102 

G-4 

IG 

72 

1.8 

76 

20 

84 

20 

84 

G-.! 


78 

20 

.SO 

24 

86 

22 

00 

G-(3 

21 

84 

oo 

06 

22 

06 

24 

06 

Average 20 

7S 

20 

80 

22 

04 

23 

01 




Afic, 

r Orientation 




A. Paiicnift 

With NC.l 








21 

20 

7G 

20 

86 

24 

OS 

26 

0(! 

23 

IS 

•S.2 

IS 

04 

20 

100 

24 

100 

24 

IS 

SO 

20 

00 

20 

08 

22 

100 

2o 

20 

72 

22 

86 

24 

08 

26 

08 

20 

20 

SG 

IS 

88 

20 

04 

OO 

08 

27 

IS 

80 

20 

8S 

22 

06 

22 

06 

Average 10 

70 

20 

80 

v>0 

07 

24 

08 

Zj. Normal Persons 








G-1 

20 

82 

20 

88 

24 

08 

22 

OS 

G-2 

IS 

70 

20 

84 

OO 

8.S 

'M 

i)6 

C-3 

IS 

G4 

22 

78 

20 

88 

22 

02 

G-4 

20 

78 

20 

78 

22 

84 

24 

OS 

G-5 

IS 

SS 

20 

00 

24 

08 

24 

108 

r-G 

IS 

02 

IS 

SS 

22 

04 

26 

08 

Average 10 

70 

20 

84 

22 

91 

24 

98 


Iheir preliminary, orienting trials avci-c too briei' to allow such enlumcemcnt. 
Also* if sheer practice were the reason for their improvement, one would ex- 
pect the normal adults to have shown a eomparahlc improvement also, hut, as 
Table III shows, they ])ei’forracd the test as well the first time as they did after 
the preliminary trials. It appeal’s ciuite likely from these experiments that 
when some psyeliogeiiic or neurogenic element was eliminated b)* preliminary 
orientation, the preilously observed, early, abrupt tachjTmea and its accelerat- 
ing effect on the pulse rate" was eliminated in the patient with NCiV taking 
the test. 

(t. The, Respiration at Rest . — ^Although the basic respiratory rate of the 
fifty-four patients with NCA at rest in bed was found to he exactly similar to 
that of normal persons; fourteen of the patients with NCA (26 per cent) were 
subject to dramatically sudden, inexplicable attacks of tachj^pnea and dyspnea 
which were associated ndth manifestations of a generalized sjunpathetic dis- 
charge and the facial representation, hnf not the conscious realization, of anxiety. 
When these episodes of spontaneous respiratory dysfunction were considered 
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with the previously described endouce that the respiratory dysfunction was not 
dependent on basic abnormalities in the lung, the licart, or on the concentration 
or exchange of bloocl gases, it became obvious to us that the fundamental dis- 
turbance underlying the respiratory diflfieiilties of the patient with NCA, both at 
rest and during effort, was either a psychogenic or neurogenic one. 


THU PATHOGENESIS OP THE DULL TYPE OF FRECORDIAL PAIN 


A. Clinical Characteristics of the Dull Type of Precordial Pain . — In a pre- 
vious article," two tj-pes of preeordial pain were distinguished as occurring 
either separately or together in the patient with NCA. In the same study, it 
was obsen^ed that one of these t 3 pes, the sharp, transient pain, was found to be 
associated and apparently arising from actual, but temporary, cardiac dysfunc- 
tion. The etiology, however, of the second type of pain (the dull, prolonged 
pain of the left chest Y-ith maximal intensity nroiind the left nipiilc) was found 
to be, as ‘Wood’- suggested, of respiratory origin. Twenty-seven patients of onr 
scries (45 per cent) gave a histoiy of experiencing this latter type of pain. 
Twelve of these patients also experienced the sharp, transient type, at tiiues, but 
they were able to differentiate the two forms quite readily. 

Tlie onset of dull precordial pain was almost always preceded, either im- 
mediately or considerably earlier, by indulgence in vigorous exertion during 
which excessive laclij'pnea and tachj’cardia bad occurred. Tlic sensation of 
pain was described as "aching" or "sore” but nevci- as shaiii or lancinating 
in character. Its duration varied from ten minutes to many honns. Only five 
of the twenty-seven jiatients exhibited tenderness over the precordial area. It 
was observed further that, when suffering from this pain, the patient with NCA, 
without exception, avoided lying on the left side.- for this position accentuated 
the intemsity and duration of the symjilom. Charncteristieally the pain wa.s 
not aggravated by a single deep inspiration. 

B. The Type of Respiration Exhibited With Dull Preeordial Pain. — A.s 
Wood*" pointed out, wc also have ohseiwcd that patients with NCA, subject 
to attacks of dull preeordial pain, almost invariably used only the upper third 
of the chest in breathing. 'Wlien the twenty-seven patients experiencing epi- 
sodes of dull preeordial pain were eomjiared with twenty-three patients with 
NCA who did not experience this pain, and with ten nonnal individuals, it was 
found (Table VI) that, whereas twcnt 3 '-four of the twentj’-sevon patients sub- 
ject to altaclis of pain, breathed e.xclusivcly, at rc.st. with the upper third of the 
chest, onh' four of the twenty-three patients not subject to attacks of pain 
breathed in this fashion. None of the normal subjects were observed to breathe 
in this fashion. 


Similarlj*, it was found (Tabic TV) flial the average maximal cxpairsion 
of the upper third of the chest of the patient with NCA, having attacks of pain, 
was greater than the maximal expansion of the lower third (G.l cm. compared 
uitb 5.S rni.k This finding was in .sharp contra-st with ttic mcasuromcnl.s of the 
ehi"-t e.\'panspjn in the patient with NT’A jiof .subject to pain and with those of 
(he normal indi'ridnal. In the patient williout p.ain, maximal expnn.sion wa.s in 
the lower third of the chc.s? whcm'is in tin* nontinl individual, tiie average max- 
ima! expansion of the lower third of the chcv{ wh 6.4 cm, greater than that ob- 
s-'crvrd in the uppm* third f Table IV,. 


These ob'crvationf! nmde it dear that the j)atient who experienced attacks- 
of dull, pp-'-ordial pain, i'rfati.wd in a difTonnt fashion than both the patient 
witrnnt pain and the rc’mm! p'^rson, Fnrthcnnorc, the marked change in the 
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Table IV. The Eespiratoky Charactekistigs of Patients ^YITH NOA, Subject to Dull 
Precoedial Pain, op Patients With NGA^ Not Subject to Dull 
Precordial Pain, and of Normal Persons 




UPPER CHEST 

LO'WER CHEST 

EXPIRATORY 

- 


EXPANSION, 

EXPANSION, 

PRESSURE, 


TYPE OF 

MAXIMUM 

MAXIMUM 

MAXIMUM 

case 

RESPIRATION 

(CM.) 

(CM.) 

(MM. HO) 

1 

A. Patients With NCA Subject to Dull Precordial Pain 

- 

1 

Thoracic 

- 

- 

46 

2 

Thoracic 

6 

7 

75 

3 

Thoracic 

- 

- 

55 

5 

Thoracic 

5 

6 

— 

7 

Thoracic 

8 

8 


9 

Thoracic 

5 

5 

74 

16 

Thoracic 

7.0 

9 

64 

20 

Thoracic 

4 

2.5 

46 

21 

Abdominothoracic 

S.5 

8 

38 

23 

Thoracic 

- 

- 

46 

24 

Thoracic 

6 

8 

38 

25 

Thoracic 

10 

9 

65 

26 

Thoracic 

5 

3 

45 

28 

Thoracic 

4 

4.5 

46 

29 

Thoracic 

7 

8.5 

44 

32 

Thoracic 

5 

7 

74 

36 

Abdominothoracic 

4 

2.5 

84 

37 

Thoracic 

- 

- 

66 

39 

Thoracic 

8 

6 

60 

40 

Thoracic 

4 

4 

70 

41 

Thoracic 

6 

5 

52 

42 

Thoracic 

7 

9 

46 

44 

Abdominothoracic 

3.5 

2 

70 

45 

Thoracic 

9 

5 

74 

49 

Thoracic 

7 

4.5 

68 

56 

Thoracic 

3 

3 

32 

62 

Thoracic 

7 

6 

42 

Average 


6.1 

5.8 

57 

B. Patients With NCA Not Subject to Dull Precordial Pain 


8 

Abdominal 

7 

9 

70 

11 

Abdominal 

- 

- 

90 

13 

Abdominal 

4 

5 

110 

14 

Abdominal 

4.5 

5 

98 

17 

Abdominal 

6.5 

8 

68 

18 

Thoracic 

4 

4 

78 

19 

Abdominal 

7 

9 

120 

. 22 

Abdominal 

4 

6 

90 

27 

Abdominal 

5 

4 

88 

30 

Ab dominothoracic 

6 

11 

65 

31 

Thoracic 

- 

_ 

100 

33 

Abdominal 

- 

- 

70 

34 

Abdominothoracic 

4 

6 

100 

35 

Abdominothoracic 

- 

- 

75 

38 

Thoracic 

8 

6 

45 

43 

Abdominothoracic 

9 

14 

-■ 

47 

Abdominal 

9 

12 

80 

48 

Thoracic 

7 

9 

65 

51 

Abdominal 

4.5 

9 

88 

60 

Abdominal 

- 


96 

61 

Abdominal 

6.5 

8.5 

110 

63 

Abdominal 

9 

9.5 

84 

64 

Abdominal 

5.5 

8.5 

94 

Average 


6.1 

7.9 

86 

• 

C. 

Normal Persn7\s 



C-1 

Abdominal 

6 

in 

100 

G-2 

Abodminal 

0 

9 

116 

G-3 

Abdominal 

9 

10 

120 

G-4 

Abdominal 

2 

6 

100 

G-5 

Abdominal 

4 

9 


G-6 

Abdominal 

4 

5.5 

14.0 

G-7 

Abdominal 

5 

11 

1155 

C-8 

Abdominal 

9 

11 - 

J.JLO 

TOO 

C-9 

Abdominal 

3 

7 


G-10 

Abdominal 

6 

9 

126 

Average 


5.4 

8.8 

118~ 
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normal pattern of regional, maximal expansion of the clmsl in tlic patient sub- 
ject to attacks of pain suggested that his peculiar type of upper chest respira- 
tion was })robahly of long standing. As a matter of fact, when the.se patients 
were asked to breathe in the lower chest or abdominal fashion, it was noticed 
that many of them were totally incapable of doing so, so fi-xed had their pattern 
of nppcr'Chest breathing become. 

b'ive ])atients with dull pain were observed fiuoroscopieally and the sus- 
picion giiined from clinieai examination was eonfirmed; during quiet respira- 
tion. the diaphragm did not move significantly. This- ijiadcqnacy of diaphrag- 
matic movement was even more clearly suggested when the maximal expiratory 
prc.sKUje of the jiatient with attacks of i)ain v.-as measured. It was found 
(Table IV) that the average maximal expiratory pressure of twenty-five pa- 
tient.s with N(’A, cxqjeriencing ])reeordial pain, was 57 mm. Ilg, whereas the 
average maximal ])ressurc was SO mm. Hg in twenty-two patients witli NCA not 
subject to jiaiu, and IIS mm. Hg in eight nomial persons. It was possible, of 
eoui^se, that this striking decrease in the expiratory pressure of the patients sub- 
ject to preeordial jjain was due to .some generalized weakno.ss of the total 
respiratory musculature, but tliis .seemed iinlikel\' in Anew of tlic fact that these 
]iatient.s were fully as robust as those not subject to pain. In view of the tyju' 
of uppcr-ehesl resjjiration, and the observed inertia of the diaphragm, it scorned 
most likely that the impairment of expiratory ])rc.ssure in the jmtient with NCA 
siil)jcet to ])am was due to the lack of efficient or total dinphramnatic parlieipa- 
lion in the i)roec.s,s of expiration. 

C. The Produclion and Abolition of Dull Pn cordial Pain in Patients With 
SCA . — The preceding observations demonstrated Hint the patient with NCA, 
subject to attacks of precordial imin. l)r('ath('d in a diflcrenl manner than either 
the ])atient not .subject to pain or the nonnal pcr.son. The.sc studies did not 
prove, however, that the ])ain was caused by this difl'ci'cnce in mode of rc.sfiira- 
tion. Likewise, the abolition of dull preeordial j)ain by ajicsthctizatioji of the 
intercostal museiilatui-e in the ineeordial area, as i-cported by Wood'^ cannot ix' 
const ruc<l a.s unequivocal ]iroof that this jaiin arose because of nppcr-chcsl 
breathing. Nevertheless, these ob.sorvations were (piile suggestive and if. in 
.addition, it were found that the imin cuuUl l)c provoked or intensified in .sus- 
ceptible patients by experimental accentual ion of u])pcr-che.st bjvathing. and 
diminished or aholi.slied in the.so paficni.s by ex])eriij)eiilal inhibition of iijq)er- 
chest breathing, the CA’-idenoe Avonld be quite condu.sivc for the a.s.suinplion that 
the dull type of preeordial ]»ain Avas caused by the method of res})iralion. 

Accordingly, fifteen patients Avifli NCA, .subject to frequent atlack.s of dull 
jtrecordial pain folloAAdng a'ci'a' slight exiution, and five nonnal young adults 
were a.sked to bre-athe deeply and rapidly for two minutes at a rate of 40 rc.sjnra- 
lion-s per minute. At the end of this time, they Avere a.sked only iiow they fell, 
while no .spe<‘ific reference Ava.s made to tiie possible pir-senee of preeordial pain. 
Lnch of the patients complainecl of dizzines-s, and nine complained of chill jire- 
i'ojsHal ]s;iiu Aviiich they stafe<l Avas identical Avith that Ac-hieh they previously had 
e\pr-ricnerd following (•xercisc. The normal pcr.'-ons had no symptoms other 
than slight light headedney;. 

In another e.xporiment. eight patients with NCA, subject to frequent and 
.sf-cmingly spontaneou.s .attacks of dull lu’ccordini pain lasting from twenty min- 
utes to .<^cvcnil hours during <-ach day, wetx- instructed to expire all po.ssihle air 
from the lungs. Adhr-sive tape Avas then applied to the entire chest, down to the 
|cA-el of the eighth rib. in such a manner tliat upper-chest brf-afhing Avas markedly 
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reduced; this forced them to resort to lower-chest and abdominal breathing. 
This adhesive-tape restraint was. left on the patients for six days, and, during 
the last four days of this period, none of the patients experienced any attacks 
of pain. When the adhesive tape was removed, however, it was observed that 
all of the patients reverted immediately to their preidous method of upper chest 
respiration, and within a period of twenty-four hours, all of them again began 
to experience attacks of dull, xirecordial pain. 

D, The Proditction of Dull Precordwl Pain in Nonnal Young Adults . — ^ 
Fifteen normal young adults v'lio never had experienced x^recordial x^ain were 
selected for this exx^eriment. They were directed to indulge in strenuous ex- 
ertion of a standard t 3 'X)e for three da.rs (trotting 600 j'ards on three separate 
occasions during an afternoon). After this control x^eriod, the chests of five of 
these subjects were splinted with adhesive tax^e as described ijreviouslj’. In the 
remaining ten subjects, however, the chest was boiuid with adhesive tape in 
such a manner that the lower third of the chest and the ux^x^er half of the ab- 
domen were immobilized, .so that the^' were forced to breathe almost exclusivelj’ 
with the upper half of the chest. The fifteen su])jects were then instructed to 
engage again in the same exercise (dailj’’) which thej" i^reviousl}' had taken. 
Although none of them had noticed any symptoms during tlie control period, 
it.was noted that considerable taclijiniea and dyspnea occurred in the ten sub- 
jects forced to biTuthe iDredominantl^' with theii* upx^er chest, whenever thej’ 
indulged in the standard exercise. Eight of the ten subjects whose lower chest 
was immobilized, began to eomiilain, on the second da.y of the experiment, of 
dull, aching precordial pain which came on about an hour after the performance 
of the last exercise of the afternoon. On the third day of the experiment, nine of 
the ten subjects, who were forced to breathe with the ux)iDer chest, complained 
of precordial pain. The adhesive tape restraints were removed from all on the 
fourth daj', but tlie exercises were continued. Following tlie removal of the ad- 
hesive tape, the subjects previously experiencing precordial pain after exercise, 
became sjanptomless. At no time during the experiment, did an.v of the five 
adults whose upper cliest was splinted, comx^lain of precordial x^iain. 


DISCUSSION AND SUMMARY 

Evidence was obtained in the preceding studies tliat the tacli^'iniea, dj’spnea. 
and diminution in breathholding, so frequent h* found in the x:>atient with NCA, 
were respirator^’' dysfunctions which were not caused by either disease or oi- 
ganie abnormality' of the lung. It was also found that these functional respira- 
toiy abnormalities were not caused by any quantitative peculiarity' of the blood 
gases or by' defective utilization of these same gases by the tissues. In a pre- 
vious study® it was discovered that the respiratory disturbances did not arise 
from cardiac d.vsfunction but, as a matter of fact, the disturbances in respira- 
tion influenced the cardiodynamics. On the other hand, the normality^ of the 
respiratory processes in patients with NCA while performing an exercise test 
(which, prior to mental or emotional orientation, they performed only Avith con- 
siderable tacliyqniea and dyspnea), strongly suggested that, when respiratory 
abnormalities did occur in these patients, they Avere not initiated by' any oi*- 
ganic or functional defect in the cardiore.spiratory sy'stem. Finally, oiir observa- 
tion of the spontaneous occurrence of sudden, inexplicable attacks of faehy'pnea 
and. dyspnea accompanied by manifestations of sy'mpathetie discharge in nianv 
patients Avith NCA, at rest in bed, indicated conelusively that the respiratory^' 
difficulties encountered in neuroeireulatory astlienia are of psychogenic or neur J- 
genic origin. 




5(i() JUaiiT .lOVIWM. 

The (lull typo tjf pr(jo()i-<lial paiii w Ircupicnily fouucl in the syauiroiuc of 
uourocirciilaloiy uslhciiia was discovered to i-esult IToin the method of respira- 
tion etiiploj'cd by tlie susceptible patient, n method in whieli tlie diaphragm was 
minimally, and the intercostal muscidature maximally, utilized. The experi- 
mental production and abolition of ju'ccordial pain in both the smscepLible pa- 
tient Avith ISiCA and the normal iiorson, by the cmplo 3 'ment of measures altering 
the manner of respiration, further indicated the ])alhogeno.sis of this manifesta- 
tion of neurocirculutory asthenia. The localization of thi.s pain in the precordial 
area of the chest was considoj-cd to result from the ti-aumatic effect of the con- 
tracting heart on this portion of the intercostal musculature, as suggested hy 
^Yo(K^.’- 

In previous art ides, ('videiiee was presented wliieh suggested that hyp(J- 
thalamic dysfunction was the mediating agent in the elinieu! emergence of 
sonmiie innnit'e'ilniions of ucurocimihlory ustbonhi. Ju the present study, any 
eoj'relation of the rc.spiratory maiii testations of the syndrome with hypothalamic 
dysfunction is ditlfieult In pi ovc. It is well known,*- " however, that hypothalamic 
dysfunction may lead to respiratory abnormalities. It .should be mentioned also 
(hat the spontaneous atbieks of (adiyjiiiea and dyspnea as.sociated witli sympa- 
thetic manifestations of anxiety (without conscious experience of emotion on 
the part of the patient), whieli was ob.servcd by ns in (be ])atieu(.s with NCA at 
re.st in bed, could be coirsidcred us strikingly similar to the behavior of the ex- 
perimental animal who.so hypoMialamu.s had been stimulated, as described by 
Ranson,* 
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CARDIAC ANEURYSM WITH SPONTANEOUS RUPTURE 

Report of Two Cases 

William P. Betsch, M.D. 

Philadelphia, Pa, 

A ^UJNTRICULAR aneurysm of tlie heart, ominous in nature and seem- 
ingly a portent of danger because of its thin, scarred wall, seldom causes 
death by virtue of spontaneous rupture.^'^ The usual terminal event is either 
slowly progressive cardiac failure or a cerebral embolus originating from a 
mural thrombus within the aneuiysm.^ 

Cardiac ventricular aneurj’’sms may develop from various diseases of the 
heart. The most conunon lesion, comprising 85 per cent of the cases, is myo- 
cardial infarction foUovring atlieroselerotic occlusion of a coronary artery." Tlic 
small percentage that remains develops secondarily to sj^ihilitic myocarditis, 
rheumatic necrosis of the mj^’oeardium, myocardial abscesses from infective endo- 
carditis, congenital defects, and trauma.^* ® 

The development of a cardiac aneurj’-sm following myocardial infarction 
is not a rare complication. A surve.y of 7,200 autopsies performed at the Penn- 
sylvania Hospital reveals that death was caused by myocardial infarction, sub- 
sequent to atheromatous changes of the coronary arteries, in 141 eases. Such 
lesions as so-called “myocarditis” and rheumatic, syphilitic, and embolic 
* changes are not included in this study. Cardiac ventricular aneurysm occurred 
in eleven of these 141 cases of myocardial infarction, giving an incidence of 
8 per cent, Parkinson and his co-workerS“ concluded from the published post- 
mortem statistics nf six separate groups of observers that cardiac aneurysm 
occurred in 9 per cent of similar cases. In our series of 7,200 successive autop- 
.sies, cardiac aneurysm developed in 1.5 per 1,000 cases. Lucke and Rea,® in a 
comparable survey of 12,000 autopsies, found an incidence of 1.1 per 1,000. 

Spontaneous rupture occurred in two of our eleven cases of cardiac an- 
eurysm (18 per cent). Thurnam'^ (1836) and HalP (1903) reported a spon- 
taneous rupture incidence of 10 per cent and 15 per cent, respectiveljL In 
light of the relative infrequency of spontaneous rupture of cardiac ventricular 
aneurysm, it seems justifiable to report in detail the two following eases. 


REPORT OF CASES’' 


Case 1 (History No. 68294 ). — First Admission: J. M., a 62-year-olcl Puerto Pican 
male ‘■^kitchen worker,^' entered the hospital on May 30, 1944, \vith a chief complaint of 
pain in the anterior part of the chest of thirty-sis hours’ duration. Except for recent tired- 
ness, weakness, and intermittent pain in the anterior part of the chest, he had been in his 
usual good health. Thirty-six hours before admission, he experienced a sudden severe pain 
over the whole anterior part of the chest; the pain radiated to the left scapula, and was 
associated with a cold sweat. One episode of vomiting relieved the pain slightly; however, 
the precordial pain continued in moderate degiee until the time of entry. His past historv 
was not contributory. He had had no exeitional dyspnea, orthopnea, anMe edema, or cough. 

Physical examination revealed a well-developed and well-nourished elderly man in no 
acute distress. The temperature was 98 F.; the pulse rate, 100 per minute; and the 
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respiratory rate, 2t. Tlio blood prehsurc was 140/80. The heart was roarbedly ealargcd to 
tlio loft, tlio rhytlnn was jcgrilai, tbe enuliao pounds were of poor quality, and no murmurs 
wore heard. The lungs weie dear to pereimsion and auscultation. The abdomen and ex- 
tremities wore not remarkable. 

TJio leucoeyte count was 3(5,800 per cubic millimeter; the erytliiocyte count was 
4,100,000; and the hemoglobin w:is l.l Gm. Aw x-ray film of the chest showed a markedly 
enlarged heart to the left and posteiiorly. 'Jlio lung fields were not remarkable. An dee 
trocardiograin, taken on May ;)3, 30 tt, approximately twelve hours after adrni.s«ion, revealed 
a low amplitude of T, and widened ventricular complexc'-. A .*ccond tracing, taken on June 
5, 1914, showed n .shorlcriing of the vcnlriciilnr complexes and elevation of the S T segment 
in Leads II, 111, and IVF. These changes were interpreted as indicating "active myocardial 
pathology, most likely due to a rceent myocardial infarct.’’ 

The patient was kept in bed for tlie weeks, Ilio temperutme was of the low-grade, 
intormittcut type for the first two weeks, with gradual return to normal, lie was diseliargeil 
in an implored eondilion on July fi, lOtt. 



Fig-. 1.— SccUonca ancurj-mw of the posterior wall of tiic left vontrlrle \Utli lupturo (arrow) 

Note the cxteiisivo hcmoperlcaidiuni. 

Second Admission ; lie leinaincd asymptomatic until the day of reentry, Oct. 0, 1944, 
when a severe substernal pain awoke him, and lie found Irimself drenched with cold per- 
spiration. Ho vomited .several times. 

Physical e.xaminalion rerealed an acutely ill roan with slight cyanosis. His tempeiature 
was subnormal; the pulse rate was 320 per minute but very weak, and the respiratory rate 
was 32. The blood pressure was 50, sy.stolic; the diastolic was unobtainable. There was 
no venous congestion of the neck. The cardiac sounds were very feeble, no murmurs were 
heard, and theie were no procordial pulsations. There were a few moist lales at the bases 
of the lungs. 

An electrocardiogram taken a few liouis after arrival revealed slight right axis devia- 
tion and diphasic T* and Tj "suggestive of a developing posterior myocardial infarct." 

During the patient’s hospitalization, the blood pressure never rose above 66/54. About 
forty hours after entry-, ns he lay slightly dyspneic and cyanotic in an oxygen tent, he 
suddenly had a generalized convmlsion; he screamed as if in agonizing pain and died im- 
mediately. 

Tost-Mortem Findings^ (A. 7169): Thoracic cavity; The left pleural cavity was filled 
with 2,500 e.c. of blood wliich had compressed the left Iimg. The right pleural cavity con- 
tained 650 c.c. of cloudy straw-colored fluid. The heart was slightly displaced to the right. 

*Unes'-ential pathologic ’flnding,s in this and tlio next ease arc omitted. 
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■: . Heart (gross) : The heart was , greatly enlarged. The; strikmg feature ; was the large 

. atieuiysmal sac projecting from the posterior wall of ' the left- ventricle in. the region, of the 
' septum , (Fig. 1). This aneurysm measured approximately 10 cm. in diameter; and had ; a 
, 4 cm. orifice near the inteiwentricular septum. It was filled Anth fresh hlood as well as 
some organized clot at the periphery. The wall of the sac was extremely tliin in. places. . 
and was partially adherent to tlie j)ericardium. There was, little or no muscular tissue in 
its w'all. The aneury.sm liad ruptured into the pericardial space through a ragged tear about 
1.5 cm. in diameter, and from there it broke into the left pleural ca\uty. . Elsewhere .the . 

wall of the left ventricle was somewhat thickened, measuring 20 mm. in diameter. The left 
ventricle was a little compressed by the hemopericardium. The chamber of the right ventricle 
was greatly comin-essed by the encircling blood in the pericardial space. The valves were 
hot particularly remarkable. The coronary vessels -lyere slightly tortuous. There were a 
few areas of sclerosis, although no definite point of complete obstruction was found. Appar- 
ently the changes in the coronary vessels responsible for the aneurysm were in the circumflex 
branch. 



. 2. — ^Aneurysm of the anterior wall of the left ventricle involving- the apex witli ruptun- 

(arrow). 

Heart (microscopic) : .Sections through the aneurysmal w-all revealed an extensive 
scarring of the myocardium with degeneration of many of the myocardial cells, as well as 
hypertrophy and hyalinization of the fibrous tissue. The myocardium from areas 'near the 
sac showed a slight degree of fatty infiltration and became more scarred as one approached . 
the aneurysmal wall. In the sac wall proper, there -was complete obliteration of the muscle 
.fibers.- The pericardium was adherent to the cpicardium and blended with it over the 
■ aneurysm. However, tlie pericardium and epicardium were separated at the periphery of 
the aneurysm by an organizing blood clot. The wall of the aneurysm' was composed of a 
dense hyalinized union of endocardium, scarred myocardium, . epicardium, and pericardium. 
The coronary vessels showed atherosclerosis, and the arterioles rvere markedly narrowed. 
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. Cask £ (Jlistor^’ J?o, 5S349). — O'B,, ti r>2-ycnr-o]H jr/alo laborer, walked into the 
Accident Ward o£ llio hospital on March 23, 39dl, coniplaining of chest pain, A few minutes 
aflor arrival, before ho could be examined, he sudrlcnly dicrl. Ho bad been seen in 1939 
for a “traumatized hand," and again in 1040 for a “dermatitis of the left arm," There 
were no cardiac complainla during Iheso visits. 

Posi'Moricm Findings (A, 6C17): Thoracic car'ity: There were 700 c,c, of clear etraa- 
colored fluid in the loft pleural cavity, and 300 c.c. on the right. The heart was in its 
normal position. 

Heart (gross) : Tlio pericardium was di,«tcndcd by 700 c,c. of blood. The apex of the 
heart was fn.stcncd to (ho pericardium by old, fibrous adhoaioiis except at its very tip. 
After opening the pericardium, a large nneurj-sm of the anterior wall of the left ventricle 
involving the ape.x w,as revealed (Fig. 2), This nmuryymn) .sac did not communicate with 
the ventricular cavity by means of a narrow neck bat rather with its entire diameter. The 
wall of the aneurysm was thin, being composed of epicardiuin, a slight amount of necrotic 
myocardium, and endocardium. The sac mca.«urcd O,.’! cm, in diameter. The myoimrdium 
about the nneur^-siu was soft, gray, and necrotic. There was a tear .3 eni. long at the apex 
of tlic aneurysm. The rigiit side of the heart was not abnormal. There were no valvular 
lesions. The ostia of the coronary arteries wore normally wide. On gross section of the 
coronary arteries, there was modcrnlo arfcrioHclcrosiB flirouglioiit their course, but tliere was 
little calcification of the intima. No absolute obstruction of the e.oronary lumina was found. 
However, about 2 cm. distal to the origin of the anterior dcseen/ling branch, there was an 
area of very marked narrowing. 

Heart (mieroscopic) : In sections of the nncujysmal wall near the ajic.x, there were 
largo areas of comparatively fresh uniform necrosm of (lie myoeardiiini. However, fibre 
blasts and capillaries were already beginning to organize this necrotic tissue. Granulation 
tissue that was replacing muscle fibcr.s was also proliferating on the cpicardinl surface of 
other areas of the anterior wall of the left ventricle. A vnrx-ing amount of subacute inflam- 
matorj’ exudate was present in the cpicardium. In a section of myocardium from the base 
of the left ventricle, there was diffuse hypertrophy of the muscle fibers and perivascnlar 
scarring. The myocardium of the right ventricle wa.s not remarkable. The lumen of the 
anterior de.seonding branch of the left coronary artery near the ai>cx was markedly distorted 
by large intimal fattj- and calcified plaques, but no complete obstruction was seen. There 
wn.s also an area of fresh coagulation necrosis in its intima. 

DISCUSSION 

Tlie original account of cardiac ventricular aneurysin seems to have been 
made by GaleatP in 1757. Subsequent to tliis, numerous observers postulated 
various theories pertaining to the causes and development of this lesion. How- 
ever, it was not until a century later that the present concept of pathogenesis 
was crystallized.’" We now Icnow tliat, following an occlusion of a coronary 
artery, the myocardium becomes necrotic. In time, the muscle fibers are replaced 
by connective tissue. If, during this process, the affected area is not strong 
enough to withstand the intraventricular pressure, then a gradual bulgmg of 
the ventricular wall lakes place. Tlie rasulting aneurysm may bo saccular, hav- 
ing a small orifice; more commonly, it may be a large bulge that is not sharply 
demarcated from tlie ventricular cavity. The aneurysmal wall is usually veiy 
thin, being composed mostly of dense, firm, fibrous tissue. It may or may not 
contain a few muscle fibers and deposits of calcium. A mural thrombus is often 
present.’' "> ” 

Of course, the relative age of the aneurysm when rupture occurs will deter- 
mine the composition of the aneuiysmal wall at the time of death. If the rup- 
ture is delayed, giving the aneurysm ample time to develop, then it will have 
a Avail of well-organized connective tissue. Muscle fibers Avill be practically 
extinct. An example of this is seen in the first case. On the other hand, if the 
rupture occurs while tlie aneuiysm is developing from an area of fresh myo- 
cai’dial infai'ction, tlien Ihe wall of the aneuiy.sm at time of dcatli will he com- 
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posed largely of necrotic iimscle cells with little fibrous tissue and organization. 
This is seen in the second ease. The pathologic process in the two cases is . 
same. The only difference lies in the stage of development reached when rup- 
ture. occurs. \ - 

The time that the infarcted myocardium gives way to aneurysmal dilata- 
tion has not been determined. It seems logical that aneurysmal development 
occurs during the period of myocardial necrosis and softening, which' is most 
marked during the first two weeks after the coronar^'^ occlusion.^ The fact that 
the degree of myocardial softening is a predisposing factor in spontaneous car- 
diac rupture following mj'oeardial infarction substantiates this view.^^ It is 
further supported by the experiments of Sutton and Davis’® who showed in 
dogs that aneurysmal development was less lilmly to take place if the rest period 
after myocardial infarction was extended during the phase of myocardial soften- 


ing. 


A cardiac ventricular aneurj-^sin usually involves the anterior waU of the 
left ventricle, often including the apex, simply because the anterior descending 
branch, of the left coronary artery is most commonly occluded. In spite of the 
fact that the posterior wall of the left ventricle is frequently infarcted, aneurysm 
here is relatively rare. An aneur3^sm of the right ventricle occurs least of 

4 , 5 , 10 


The clinician’s interest in cardiac ventricular aneurysm is at present cen- 
tered on ante-mortem diagnosis. Its sjnnptomatology and ph^'sieal signs have 
been extensive^ described.’’ •*’ ’■* The significant features in this regard 

are: (a) a history of a previous coronarj'^ occlusion; (b) failure to observe the 
approved period of rest in bed after a nijmcardial infarction; (c) a forceful and 
diffuse cardiac thrust, being most marked within or outside the midclavicular 
line, usually at the level of the fifth rib; and (d) a very weak and feeble first 
sound at the apex. The blood pressure, murmurs, and a gallop rlijdhm are un- 
reliable guides. The physical signs are dependent upon the location of the 
aneurysm, and are most comraonlj’^ found if the lesion is at the apex. 


Eadiological examination has become the most important aid in diagnosis. 
However, a cardiac aneurj^sm may be present and yet give no x-ray evidence.” 
To avoid oversight, roentgenograms should be made in the anteroposterior and 
oblique positions and checked by fluoroscopy.’® If the lesion is at the apex, 
it may often escape detection because in this position the silhouette may 
appear merely as an elongation of the apical portion of the heart, or the lesion 
may be buried in the diaphragm.®’ A sharply defined, localized bulge and a 
paradoxical pulsation, i.e., expansion of the sac during systole and a decrease" 
in its size during diastole, are pathognomonic.”’ 


The role of the electrocardiogram as an aid in diagno.sis of cardiac ven- 
tricular aneurysm has been claimed by Fulton’ to be ”of importance only as 
it may add -to the evidence of myocardial infarction and assist in localizing the 
lesion in the anterior or posterior part of the ventricle.” A similar opinion is 
also held by Parldnson and co-workers,® Dressier and Pfeiffer,’^ and Sigler and 
Schneider ’® On the contrary, Eliaser and Konigsberg” confirmed Nordenfelt’s’® 
findings that the electrocardiogram may be of considerable diagnostic value 
:rhey beHeve that one of two types of electrocardiogi’aphic syndromes is pres- 
entmdS.T per cent of cases of aneurysm of the left ventricle foUo’iving coronam^ 
occlusion. They feel that these sjmdromes are presumptive signs of the lesion 
: ana wto ioimd should, stimulate further diagnostic investigation. One type 
,ras. a doivuward directed major deflection in .Lead I, mth inversion of-fte 
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T wave and an iijjriglii V wave. Tlic venlriculnT eomplc.x in Lead Ifl is up- 
right.” The other type presents “ventricjilar eornple.ves directed downward in 
Leads 11 and III witli an upright major deflection in Lead I that may or may 
not ho of low amplitude,” 

Cardiac ventricular aneurysm does not hold an immediate liopelcss prog- 
nosis ns is commonly thouglil. This lesion ])as quite a variable course, for tin* 
patient is always sul)jO(*t to rc)>eated coronary occlusion, development of con- 
gestive failuie, embolism, or rujiturc. Yet. veniricuiar aneurysm is not infre- 
quently eompatihle with one or two yeaiN tif moderalely active life.’--'^ 

SUAIAIAUV 

3. Cardiac ventricular aneurysm is not a rare complication of myocardial 
infarction. Yet, it seldom causes death by virtue of .spontaneous rupture. 

2. Atherosclerotic coronary occlusion is rcsqionsible for 85 per cent of the 
eases of cardiac aneurysm. 

3. Two eases of cardia(' ^eiilricnlar aneurysm that terminated in rupture 
are hcreAvilli presented. 

4. The etiology, incidence, jialhogeiiesis, site. ])i’eief|uisites for ante-mortem 
diagnosis, prognosis, and course of this lesion are l)vic(ly presented. The roles 
of x-ray and electroenrdiograpliy ;ii*e di‘!eus.sed. 
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THE RELATIVE INCIDENCE OP RHEULIATIC VALVE DISEASE IN 
NEW YORK AND COSTA RICA AKD ITS BEARING ON THE 
RHBIBIATIC ORIGIN OP CALCAREOUS AORTIC STENOSIS 

SiGMi'XD L. Widens, M.D., New York, N. Y., John M, Pearce, M.D., 
Brookeyx. N. Y.. VXD Marcial Paeeas Diaz, ]\LD., Sax .Iose, CohSTA Rica 

S tenosis of Ihe aortic valve oecurriiig in conjunction with deformities of 
other valves is generally believed to be rheumatic in origin. When it occurs 
without associated lesions of other valves, the etiologj’^ is less apparent. The 
three major opinions that have been expressed about the origin of this second 
group are (1) that the lesion is invariabl.y the end result of rheumatic endo- 
carditisp"'^ (2) that it is primarily noninflammatory and the end’ result of a 
degenerative process analogous to sclerotic processes that occur in other parts 
of the vascular system and (3) that the lesion is sometimes the result of 
rheumatic disease and sometimes the result of degeneration followed by calci- 
fication 

/ 

The chief reasons for supporting the theory of the rheumatic origin of this 
form of valvular disease are as follows. A history of rheumatic fever earlier 
in life can be obtained in a significant number of cases (Chri.stian^ and CaboP^). 
vSecondly, the lesion itself does not differ in appearance in any striking detail 
from that known to be the result of rheumatic infection, for exaniple, in those 
cases in which the mitral valve is also deformed."’ Finally, evidences of 
rheumatic inflammation arc sometimes found in the diseased valve itself or in 
other parts of the heart on histologic study.'”® 

There are, however, a number of formidable objections that have^ been 
rai.sed to dispute the view that rheumatism is the invariable cause of aortic 
stenosis. Acute rheumatic endocarditis limited to the aortic valve is seen much 
less often than is stenosis of that valve alone for example.®- IMost series of cases 
reported show a striking preponderance of stenosis of the aortic valve in 
males, whereas all the other known types of rheumatic lesions occur 
about erjually in both sexes. Calcareous aortic .stenosis is seen in a much older 
age group than are the proved forms of rheumatic disease.®^ Finally, mild de- 
grees of calcification of the base of the aortic valve without deformity occur fre- 
quently in older age groups, particularly in males. Calcareous aortic stenosis 
has been interpreted as an extension of this process in certain susceptible individ-' 
uals with advancing age. There are thus several reasons for accepting or deny- 
ing each of the three opinions that have been expressed concerning the genesis 
of this le,sion. 

The incidence of rheumatic heart disease is believed to vary in different 
parts of the world and in different racial and economic groups. If this is so 
it is ])ossible to use thia variation to obtam evidence as to whether or not eal- 
eai^s aortic stenosis is always the result of rheumatic fever. In nccropsy 
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statistics <liat show a liiprli incidence oi‘ rJicuinatic heart disease, the incidence of 
calcareous iiorfic stenosis should he correspondingly liigJi. Convereely, if in a 
series of necropsies, the ineidence of proved types of rheumatic heart disease 
is low, then calcareous aortic stenosis should also ho infrequent. Deviations in 
the relative incidence of these lesions would suggest that rheumatie disease does 
not play an impoj’laiit rtde in the dcvelopmenl of calcareous aoi-lic .stenosis. 

The present report is an altornpt to elicit information along these lines by 
comparing the ineidence of rheumatic heart disease and calcareous aortic stenosis 
in three independent nocrop.sy series using identical methods of analysis. The 
analysis was made on (1) 4,860 consecutive autopsies performed at Bellevue 
Ifospitnl in New York City, (2) 5,700 consecutive antopsie.s performed at Long 
Island College Hospital and the Lonir Island College of Medicine division of 
Kings County Hospital in Brooklyn, New York, and, (3) 4,900 consecutive 
autopsies performed at the Hosq)ital San Juan de Dios in San Jose, Costa Rica. 

Tlie sex and age distribution decades was recorded for the entire group 
in each series. Each included a large, but variable, number of stillbirths and 
infantile deaths. There was a lesser number of childhood deaths. In the Long 
Island series 30.2 per cent of tlie autopsies were done on individuals less than 
30 ycara of age, while in the Bellevue series only 10.1 per cent fell into this 
age period. Since rheumatic heart disease does not usually develop in infancy 
or early childhood, inclusion of this age group would make any comparison of 
rheumatic heart disease between the different hospital series inaccurate. The 
groups of persons who died before they reached the age of 10 years are, there- 
fore, excluded from the tabulations. With these groups omitted, the BellcA-ue 
series is reduced to 4,370 of which 3,134 (71,7 per cent) were males, and 1,236 
(28.8 per cent) were females. The Long Island series i.s reduced to 3,976 of 
which 2,361 (59.4 per cent) were males, and 1,615 (40.6 per cent) were females. 
Similarly, the Costa Eican series becomes 4,209 with 2,618 (59 per cent) males 
and 1,691 (41 per cent) females. 

Cases included in the rheumatic group were those in which there was 
stenosis, insufficiency, or verrucous endocarditis of the mitral valve alone, or 
of both the mitral and aortic valve.s. In some of these the valves on the right 
side of tlie heart also had lesions. There were no examples, however, in any 
of the series of right-sided valve involvement without concomitant damage to 
the mitral and aortic valves. These cases are therefore not listed in separate 
categories. Cases of bacterial endocarditis were included only if pre-existing 
rheumatic damage to the mitral valve was demonstrable. The instances in 
which only the aortic valve was damaged are included in a separate category. 
Cases of sj-philitic lesions of the aorta involring the aortic valves are excluded 
as are those cases in which the aortic valve was calcified at its attachment but 
in which the valves appeared to be competent. The results are recorded in 
Table I. It may be seen that among the cases of definite rheumatic lesions, 
i.e., those in wMch the mitral valve is damaged, there are certain features that 
are consistent for aE three series and a few that are variable. 

The consistent findings are the following. Fii-st, in each of the three 
series, mitral stenosis is moi’e common in women than in men. Second, rela- 
tively the same proportion of mild and acute to stenotic lesions is seen in each 
of the three series. Tliird, when the ineidence of each type of rheumatic valvular 
lesion is compared in each of the three series, the Long Island groups are found 
to be consistently higher than the corresponding groups in the other two. The 
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Table I. The Incidence op Valvular Lesions in Three Autopsy Series 



, 


ACUTE OR 

MILD LESIONS 


STENOTIC LESIONS 

VALVE 

AUTOPSY 

Male 

FEMALE 

TOTAL 

MALE 

FEMALE 

TOTAL 

INVOLVED 

SERIES'' 

NO. 

% 

NO. 

% 

NO.l % 

NO. 

% 

NO. j % 

NO. 1 % 

Group 1 •• 
mitral 

L. I. 

30 

(1.27) 

54 

(3.34) 

84 (2.11) 

20 

(0.85) 

65 (4.02) 

85 (2.14) 

damaged ; 
aortic 

B.H. 

34 

(1.09) 

9 

(0.73) 

43 (0.98) 

21 

(0.67) 

32 /2.59) 

53 (1.21) 

normal 

C.E. 

13 

(0,52) 

2S 

(1.66) 

41 (0.98) 

23 

(0.91) 

25 (1.48) 

48 (1.14) 

Group 2 ; 
botli 
mitral 
and aortic 

L.I. 

39 

(1.65) 

19 

(1.18) 

58 (1.46) 

S3 

(3.52) 

52 (3.22) 135 (3.40) 

B. H. 

27 

(0.86) 

20 

(1.62) 

47 (1.08) 

61 

(1.95) 

44 (3.56) 105 (2.40) 

damaged 

O.B. 

6 

(0.24) 

9 

(0.53) 

15 (0.36) 

25 

(0.99) 

7 (0.41) 

32 (0.76) 

Groups 

L. I. 

69 

(2.92) 

73 

(4.52) 142 (3.57) 

103 

(4.36) 117 (7.24) 220 (5.53) 

laud 2 

B. H. 

61 

(1.95) 

29 

(2.35) 

90 (2.06) 

82 

(2.62) 

76 (6.15) 158 (3.61) 

combined 

O.B. 

19 

(0.76) 

37 

(2.19) 

56 (1.33) 

48 

(1.91) 

32 (1.89) 

80 (1.90) 

Group 3 : 
aortic 

L. I. 

25 

(1.06) 

12 

(0.74) 

37 (0.96) 

42 

(1.78) 

6 (0.37) 

48 (1.20) 

damaged ; 
mitral 

B.H. 

15 

(0.48) 

6 

(0.49) 

21 (0.47) 

42 

(1.34) 

12 (0.97) 

54 (1.24) 

normal 

C. E. 

9 

(0.36) 

2 

(0.12) 

11 (0.26) 

19 

(0.75) 

3 (0,18) 

22 (0.52) 


Lonp Island seides. 

B.H.j Bellevue Hospital series 
O.R.. Costa Rican series. 


Bellevue groups occupy an intermediate position in all but two categories. The 
Costa E-iean series has a slightly higher incidence than the Bellevue series of 
stenotic lesions of the mitral valve in males and of acute and mild lesions of 
the mitral valve in females. The constancy of the relative incidence of rheumatic 
valvular lesions in the three series is more apparent when all t^Tpes are grouped 
together. There are about three times as many examples of rheumatic endo- 
carditis in the Long Island seiies as in the Costa Rican, and about twice as 
many in the Bellevue series as in the Costa Rican, One noteworthy variable find- 
ing is observed when the incidence of various types of rheumatic valvular 
lesions in the three series is compared, namely in the Costa Rican series a rela- 
tively small proportion have rheumatic involvement of both mitral and aortic 
valves. 


The differences in incidence of rheumatic lesions do not necessarily reflect 
differences in the incidence of the disease in the entire populations from which 
these three hospitals receive patients. Both tlie Bellevue and Long Island hos- 
pitals serve essentially the same type of persons and yet show marked differ- 


ences in the incidence of rheumatic lesions. Tliis indicates that the smaller 
incidence in the Costa Rican scries is not necessarily the result of decreased 
susceptibility of the Costa Rican population as a ivhole because of environmental 
or racial backgrounds. The hospital San duan de Dios receives patients from 
both inland mountainous areas and costal lowland areas. The incidence of 
rheumatic disease in these two regions may vary greatly. Howeimr, the finding 
that the mitral valve alone is involved in a relatively liigh percentage of the 
Costa Rican cases does suggest that rheumatic heart disease tends to run a milder 
course in that country. Another equally valid explanation to account for this 
difference may be offered. Because of the prevalence of tuberculosis, malnu- 
trition, and helminthic and protozoal diseases, rheumatic patients m Costa Rica 
may die at a relatively young age before the rheumatic lesions liave vrosressed 
to advanced sta|es In the Costa Eicm series 51.1 per cent o{ the males and 
62.6 per cent of the females were between 10 and 50 years of a'^e at death 
The corresponding ago period in the BeUmme series eLained oniy Isln r 
males and 34 per cent females. In the Long Island series there were 29.4 


r 
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per cent males and 82:1 per cent females hi this age period. No very satis- 
factoiy explanation can be ofiered to account for the dilicrcnces in incidence of 
7'heiunatic lesions between the Bellevue and Long Island series. It i.s possible, 
liomevor, that the Long Island College IIo.spilal, and even Die Kings County 
Hospital, treat patients of a somewhat higher eeonomic level than does Belleme 
Ho-spital. 

In the male group.s in which only the aortic valve was calcified, tlie three 
.s'erie,s show the same order of frequency a."? do the group.s with definite riienrnatic 
le.sions. The Long Island .scries has the highe.st iiercentages; the Bellevue series 
is second; and the Costa Rican is third. A striking preponderance of cal- 
careous aortic stenosis in the male is noted in all three serie.s. This is in accord 
with the sex incidence of this lesion os reported in most published serie.s. Of 
the 1,615 females in the Loiig Island group only six had calcareous aortic 
.stenosis, and of the 1,6!)J females in the Oosta Rican .scries only three had lliis 
lesion. The number of females with caicareons aorli'* stenosis in the.se two 
series is so .small that percentages ohlaim-«l from it are obviously without sta- 
tistical value. Therefore the finding of a higlier incidence of aortic .sfeno.sis 
among females in the Bcllovno series over that in the other two, as shown in 
Table 1. is probably a chance variation. As noted in mo.st published analyses 
on the incidence of caleax'cons aortic sicnosis, an older age group is involved 
than is the case with the accepted i-henrnatic types of lesions. The median ago 
for the gi’oujrs of aortic .stcno.sis is as follows: in the Lone Island series, male-. 
64 years, females 67 years; in tlie Bellevue serie.s. males fi7 years, females 66 
years; and, in the Co.sla Rican serie.s, males 47 year.s, Pmuiles 60 ^eal■s. If all 
the definite rhcunmiic lesions in which one or more valve.s wei'c stenotic are 
grouped together, the followiiig median ages for tlic Unve series are obtained: 
Long Island .series, males 40 years, females 41 years: Btdleviie .series, males 
50 yeans, females 47 yeais; Costa Rieau .series, jnales 44 yeal^, females 37 years. 

It is thus .seen that ecrtaiii features of both the rhciimatit' groups and the 
groups with only aortie valve involvement arc constant in all three series. This 
may be taken as evideiu'C that the lesions of rlienmatic disease follow a fairly 
fixed pattern in different populations and in these two tlifferenl parts of the 
world. It i.s therefore rea.^^onahle to expect that, if calcareous aortic stenosis 
is rheumatic in origin, its incidence should bear some fi.xed relation to the in- 
cidence of other rheumatic lesions. 

In Table II the incidence of the various tyixes of valvular lesions i.s com- 
pared in the three autopsy series. All acute, mild, and stenotic lesions of the 
mitral valve alone, and of both mitral and aortic valves, ai-c gi-onped together 
for males, and for both males and femalas in each series. Similarly, aU acute, 
mild, and stenotic lesions involring only the aortie valve are grouped together 
for males and for males and females. The ratios betwecji the two corresponding 
groups of males in each series are extremely constant. There are about two 
and one-half times as many ca.ses with established type.s of rheumatic lesions 
as with lesions limited to the aortic valve in each .series. In other woi’ds, in 
series showing a high incidence of rheumatic endocarditis, the incidence of Ctal- 
eareous aortic stenosis is correspondingly high and ^’iee \'ersa. 

A very small number of cases of acute verracous endocarditis limited to 
the aortic valve is included in each series. These showed the characteristic in- 
flammatory changes of rheumatic endocarditis. If calcareous aortie stenosis is 
rheumatic in origin, then this acute lesion probably represents an early stage of 
the le.sion. In comparing the incidence of cah-areous lesions of the aortic valve 
alone to definite rheumatic le.sions in which the mitral valve i.s involved, it 
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TABLE II. The Eelative'Ikcidence op Lesions op the Aortic ViU-vE (MitilUi A^alve 

UNDAilAGED) AND OTHER AL\LVULAR LESIONS IN THREE AUTOPSY SERIES 



AORTIC LESIONS 
(MITRAL UNDAilAGED) 

OTHER ' 

RATIO OP OTHER 
VALVXHjAR 

RATIO OF 
OTHER VALV- 


CALCAREOUS* 

DEFORMITY 


1 

total! 

VALVULARt 

LESIONS 

LESIONS TO 
CALCAREOUS 

ULAR LESIONS 
TO TOTAL 


NO. 

1 % 1 

NO. 

1 % ' 

1 NO. 

1 % 1 

AORTIC LESIONS 

AORTIC LESIONS 

Long Island 

60 

(2.58) 

67 

(2.81) 

Males 

172 

(7.29) 

2.8 :1 

2.0:1 

Bellevue 

56 

(1.78) 

57 

(1.82) 

143 

(4.57) 

2.6:1 

2.5 :1 

Costa Eica 

2.1 

(0.90) 

28 

(1.11) 

67 

(2.67) 

3.0 ; 1 

2.4:1 

Long Island 

73 

(1.81) 

So 

Total (Males and Females) 

(2.15) 362 (9.10) t.9:l 

4.2:1 

Bellevue 

71 

(1.69) 

75 

(1.71) 

248 

(5.68) 

3.4:1 

3.3:1 

Costa Eica 

26 

(0.62) 

33 

(0.78) 

136 

(3.23) 

5.2:1 

4.1:1 


*Iiicludes all calcareous deforming lesions of aortic valve ; acute verrucous lesions ev- 
cluded. 

flncludes all acute, mild, and stenotic lesions of the aortic valve. 

^Includes all acute, mild, and stenotic lesions of mitral valv^e alone and of both mitral 
ana aortic valve. 

becomes a moot question whether acute verrucous aortic lesions should be in- 
cluded or excluded. However, the number of these eases is so small that their 
exclusion does not significantly alter the ratio between the incidence of cal- 
careous lesions of the aortic valve and all other definite tyjies of rheumatic 
valvular disease (Tadile II). 

As noted previously, the incidence of calcareous aortic stenosis in females 
is so low that the relatively small groups analyzed do not provide enough 
examples to give constant percentage values. In the Long Island group of 
eighteen females with lesions limited to the aortic valve, five showed acute ver- 
iTicous endocarditis, seven had mild derormities with aortic insufficiency, and 
only ,six were stenotic. Of the five females witli lesions limited to the aortic 
valve in the Costa Rican series, two showed acute verrucous endocarditis, and 
three were stenotic. Because of the small number of females with aortic stenosis 
in these two series their ratios are not shown in the table. When males and 
females are grouped together, the ratio of rheumatic endocarditis to the aortic 
lesions is increased because of the low incidence of aortic lesions in females. 
The ratios of the Long Island and Costa Rican group are still constant. The 
ratio of the Bellevue group is slightly lower, but this discrepancy is probably 
without significance. These findings suggest that the mechanisms involved in 
the production of aortic valve lesion.'; alone and of recognized types of rheumatic 
valvular lesions are probably fundamentally the same. 

It is, of course, quite possible that the close relationship between the in- 
cidence of aortic valve lesions alone, and other types of rheumatic endocarditis, 
is coincidental. x\s noted above, a high percentage of the patients in the Costa 
Rican series died before the age of 50 years. It was also noted that calcareous 
aortic stenosis occurs most frequently in advanced age groups. It is therefore 
possible that the low incidence of calcareous aortic stenosis in the Costa Rican 
series is not related to the low incidence of rheumatic disease, but rather to the 
short survival period. In Table III the incidence of calcareous aortic stenosis 
is shown in the groups of persons dying at an older age than 50 years in each 
of the three series. Even in these older age groups, the Long Island series has 
the highest incidence of aortic lesions. The Belle^me series is second, and the 
Costa Rican is third. In males, the ratio between the three series is approxi- 
mately 3 :2 ;1. This is about the- same relative incidence of all accepted rheumatic 
Yalvular lesions in the three series (Table I). When females w^ho died after 
they had reached the age of 50 years are included, the incidence of aortic lesions 
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in the Bcilevne ‘io-ics approxinuites that in Die Long Island group. As already 
])ointed out, tliis is probably because the incidence of aortic stenosis in this sox 
is so low that accidental rariation plays a role in the small number of females 
included in the analysis. Lven bore, liowever, the Costa Iliean series lias only 
one-iinlf as many e.xample.s of aortic lesions as do the other two series. It is 
obvious therefore that the low incidence of aortic lesions in the Costa Rican 
series is independent of age. 


'J'aiiia: Iir. Titi: Inciiuinci: or LJ:b'JO.s'.s or tiik Aoi’.tjc V.m.vb (Mitkai. Valvi: Ukd.4jiagk») 
IN GnOm-s OF Patents Ovrn 50 Te.^us ok Aon in Thixk Autop.S7 Series 


1 

! 

! lOTATi 

j 

! j 

1 NU.MBrji Avrni i.ksions j 

rERCTl.N'TAOE 

Long JsLintl 

1,378 


ifalcs 

41 

3,0 

Bellevue ' 

2,1 CP 


30 

1.8 

Costa Bira 

.885 


11 

1.2 

Long Islantl 

2,231 

Mnltx and 

•16 

2,1 

Bollenio 

2, DOS 


.56 

1.9 

Co.sfn Kien 

1,25-1 


1.3 

1.0 


SUAniAUV 


The incidenec of rheumatic endocarditis of the mitral valve alone, and of 
the mitral and aortic valves together, in three independent series of autopsies 
is compared. Differences in the total ineidenee of valvular lesions ivere noted 
in each of the three .series. Those differences cannot be attributed to racial or 
geographical factors alone, since two of the scries represent cases from essen- 
tially the same ty]ics of population in the New York area. Howevei*, the rela- 
tive incidence of caeli type of valve lesion is constant in the three series. Mitral 
stenosis is more common in ivonien than in men in each series. The incidence 
of calcareous deforming lesions, limited to the aortic valve, is also determined in 
tlie three autopsy series and is found to vary constantlj-- with the incidence of 
rheumatic lesions in each of the three scries. In males, lesions of the mitral 
valve alone, together Avith lesions of both mitral and aortic valves, are about 
two and one-half to three times as common in each series as arc calcareous de- 
forming lesions limited to the aortic valve. Lesions of the aortic valve only 
are more common in males and involve an older age group thmi do the other 
types of rheumatic lesions. The incidence of lesions of the aortic valve only, 
in the gi'oups surviving longer tlian 50 .A’cais in each series, is relatively the 
same as for the entire age gi’oup in eacli .series, liowever. 


co.xcnu.sio-v 

The constant ratio of the incidence of calcareous aortic stenosis to the 
incidence of accepted types of rheumatic endocarditis suggests that the two 
lesions haAm a common etiology. 
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THE ELECTROCiVBDIOURAM IN PNEUMOPERITONEUM 

A. J. Benatt, M.D., AND W. F. Berg, Pii.D., D.Sc. 

London, England 

CLINICAL OBSERVATION.S 

T he introduction of pneumoperitoneum on a larger scale in the treatment of 
pulmonary tuberculosis^ has made it possible to study the effect of a 
markedly raised diaphragm on the heart and circulation. Two outstanding 
features emerge from the observations. First, cardiovascular distress seldom 
occurs in such patients, even if one side of the diaphragm rises as high as the 
second rib anteriorly. Second, an electrocardiogram is olitained which resembles 
the pattern of acute cor pulmonale." In this paper both these observations will 
be supplemented by further investigations of the vital capacity and of a de- 
tailed electrocardiographic analysis with an attempt to derive from the findings 
the geometric displacement of the heart. 

Several hundred pneumoperitonea have been induced during the last three 
years at Clare Hall Hospital, and only one case is Imown in which the patient, 
who suffered from extensive bilateral tuberculosis TOth cavitation and was, in 
fact, in a hopeless condition, developed edema, cyanosis, and breathlessness. 
Whether this clinical picture can be ascribed to the mere displacement of the 
heart following the elevation of the diaphragm or to a failing myocardium as a 
sequela of tuberculous toxemia remains undecided. Attacks of transient breath- 


rVom the Clare Hall Hospital, Middlesex County Council, England. 
Received for publication .May 1, 1945. 
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lessness do occur following the induction oC pUeuJUoiJeriloneum or after the 
first three or four refills, but these have been of moderate degree, never causing 
distress, and have disappeared as the refills went on in the ensuing weeks. They 
often appear more conspicuously when abdominal adhesions arc present and 
when the initial slight abdominal di.scomfort prevents the patient from breathing 
as freely as he usually does later on. Tt seems at this juncture advisable to 
em])hasize that the technique employed in this ho.spital aims at the (jrodual rise 
of the diaphragm previotisly jjaralyzcd by phrenic crush. A sudden marked ele- 
vation of the diaphragm is liable to cause distre.ss. The technique, first applied 
extensively in England by Clifford-Jones and klacdonald,’ follows. 

TKCTINIQUIC 

The patients dealt with in this ))aper had a phi'cnic crush performed on . 
one side three to four weeks before the induction of the pneumoperitoneum. No 
premedication was given before the induction. The patient lay comfortably 
in the reenmbent ])osition. The skin was injected witli a local anesthetic abont 
1 inch below the left costal margin. A diy medium-sized or long-sized klorland 
A-P refill needle, which was connected witli the open manometer of an A-P box, 
was pushed slowly through the abdominal wall and the peritoneum. The pass- 
ing of the needle thronirh the peritoneum was usually marked by a click, and 
the manome'ter' might show a sudden movement. Usually no prcs.sure was re- 
corded until air had been introduced. Air was run in slowly, and the pressure 
was checked. Under fi'cquent control of prc.ssure. 600 to 1,000 c.c. were then 

TAni.E r 


n.VTB 

Tr.EATMnXT 

VITAr. CAl’AOITY 
IN C.C. OF AIR, 
UF.FORE REFILI. 

REFiu. IN c.c. 

OF AIP. I 

VITAL CAPACTTY 
IN c.c. OF AIR, 
AFTER REFILL 

(i/4744 

Plircnic crush (R) 




11/3/44 


2/>on 



15/3/44 

Induction of P.P. 




21/3/44 


2,500 

1.400 (+3+5)* 

2,700 

29/3/44 


3,000 

1,000 (+5+10) 

2,900 

5/4/44 


2,900 

1,200 (+7+14) 

2,700 

12/4/44 


3,000 

900 (+11+8) 

2,700 

19/4/44 


3,000 

1,000 (-^17+11) 

2,800 

20/4/44 


i.nnn 

l.nno (iOMfil 

.".inn 

This table i 

shows some rise of the vital capacity flgtircs after a period of six weeks’ 

*The figures 

: in parentheses indicate the initial and 

the final intra-abdominal prc.ssurcs 

in centimeters of 

water. 






T-\m.E IT 





VITAE CAPACITY 


VITAL CAPACITY 



IN ac. or AIR 

REFILL IN c.c. 

IN C.C. OF AIR 

DATE 

TREATMENT 

UF.FORE RCnET. 

OF AIR 

AFTER REFILL 

13/1/44 

Phrenic crush (Jj) 




10/2/44 


SJOO 



10/2/44 

Induction of P.P. 




15/2/44 


3,000 

1,100 (+8+11)* 

.3,000 

22/2/44 


3,100 

1,000 (+9+121 

3,500 

7/3/44 


3,300 

1,500 (+10+10) 

3,100 

14/3/44 


3,100 

1,400 (+9+11) 

2,700 

21/3/44 


3,100 

1,400 (+7+15) 

3,000 

29/3/44 

• 

- 

1,000 (+15+16) 


5/4/44 


- 

1,200 (+14+12) 

3,200 

12/4/44 


3,400 

800 (+10+12) 

3,100 

19/4/44 

‘ 

3,200 

800 (+8+9) 

3,000 

20/4/44 


S,£no 

1 non f+S4lO) 

3.100 


This table .shows no change of the vital capacity after a period of more than two months’ 
treatment. The left diaphragm was markedly raised. 


®Tlie flgnres in parentheses indicate the initial and the final intra-abdominal pre.*;' 
.sures in ccntimctcr.« of water. 
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introduced. No definite ruling as to the final pressure can be given j +8 or +3 0 
cm. of water was a common finding, but it sometimes rose as high as +25 cm. 
when adhesions w'^ere present. To ascertain the rise of the diaphragm the pa- 
tient was fluoroscoped immediately after the induction. The first refill of about 
800 c.c. was given a day ordwo after the induction, and' one more refill was given 
on the tliird or fourth day, according to the elevation of the diaphragm. As soon 
as an adequate rise was established, weekly refills of 800 to 1,200 c.c. were given. 


VITAL CAPACITY 


In order to find an answer to the surprising lack of dyspnea, the- vital 
capacity was measured in a number of cases, some of which are shown in Tables 
-I, II, III, n', and V. In addition, a larger number of cases have been sum- 
mai-ixed in a eiuwe (Fig. 1) . All points in this graph were obtained by dividing 
the estimated vital capacity by the initial vital capacity figure in each instance, 
thus making all the data for the different patients comparable with one an- 
other. 
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Fig. 1. — Relative vital capacities of twelve cases at various stages of the treatment The 
relative vital capacity is the measured capacity divided by the initial capacity- Ph.Or, indi- 
cates phrenic crush ; P.P-, indicates induction of pneumoperitoneum. 


The conclusion we have drawn from these data is that they do not show a 
uniform trend. In several eases, after a series of refills, no marked decrease of 
the vital capacity was noted; some even showed a slight increase and, in very 
few of the cases showing a drop, was the vital capacity grossly affected. 

Tabld III 


BATE 

TREkTliE^T 

VITAL CAPACITY 
IN C.C. OF Am 
BEFOEE EEFIEB 

1 

refill in c.c. j 
OF Am ' 

VITAL CAPACITY 
IN C.C. OP Am 
AFTER REFILL 

18/2/44 

15/3/44 

21/3/44 

29/3/44 

5/4/44 

12/4/44 

19/4/44 

26/4/44 

Phrenic crush (E) 
Induction of P.P. 

3,S00 

2,900 

2,900 

2,900 

2,900 

3,000 

3,000 

1,000 (+1+5)^ 
1,200 (+5411) 
1,000 (+7+14) 
1,000 (+8+12) 
1,000 (+9+13) 
1,000 (+7+9) 

900 (+7+8) 

2,900 

2,700 
- 2,700 

2,900 

2,900 

2,800 


This table shows hardly any change of tlie vital capacity during the neriod 
weeks. A single reflil of 1,000 c.c. affected the vital capacity only slightly. ^ 

«u centhneterfofySte^r?'''"^^''''''''" mti-a-abdoinmal pressures 
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Table IV 


DATE 

1 TREATMENT 

vital oApAcinr 
IN c.c. OF AIE 
BEIOUE REFILL 

RF.HLI, IN O.C. 

OF AIR 

20/2/44 

11/3/44 

21/3/44 

Phrenic crash (L) 

Itiduclion of P.P. 

4,100 

3,500 

1,200 (+G+8)« 

29/3/44 


3,400 

1,000 (+5+7) 

5/4/44 


3,600 

1,200 (44+10) 

12/4/44 


.l.SOO 

900 (+4+7) 

19/4/44 


.3,400 

SOO (+4+7) 

2 (i/i/n 


.!,?00 

800 /4,-54-7) 


VITAIi OAPACiry 
IN C.c. OF AIR 
AFTER BEFILE 





Fly. 2. — W. : AL, Slight left diaphragmatic rise after left phrenic crush. JB, During 
pneumoperitoneum treatment. Marked rise of the left paralyzed diaphragm. Some rise of the 
right diaphragm. The electrocardiogram shows some flattening of S-Ts, a conspicuous Qj, and 
T« In^'erted. 
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TABLE V , ' 


DATE 

18 / 2/44 

14 / 3/44 

20 / 3/33 

27 / 3/44 

3 / 4/44 

11 / 4/44 

17 / 4/44 

24 / 4/44 


TREATMENT 

Phrenic crush (L) 
Induction of P.P. 


VITAL CAPACITY 
I IN C.C. OP AIR 
I be fore REFILL 

2 ,d 00 

1,900 

1,900 

1,800 

1,850 

1,800 

1,750 


refill in c.c. 

OF AIR 

1,000 (+ 1 + 6 )* 
1,400 (+ 8 + 11 ) 
1,400 (+ 7 + 10 ) 
1.000 (+ 6 + 9 ) 
'800 (+ 7 ) 

900 (+ 6 + 9 ) 
800 (+ 5 + 7 ) 


VITATi CAPACITY 
IN C.C. OP AIR 
afteii refill 

2,200 

1,800 

1,800 

1,800 

1,900 

1,800 

1,700 


iyiOU V / — 

figure, in nurontUcac. infiioa.c the in, tin, and the final Intra-uMon.lnar prea.urea 
in contiinetors of water. 
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The electroeaixliographie pattern is eliaraeterized hy tlie following features: 
Soon after the rise of the diaphragm, whether it be the right side, the left side, 
or both, the S-T segment in Lend II flattens. In Lead III a conspicuous Q wave 
followed by a small R and an inverted T deflection ocem-s. This is an almost 
constant picture, the only variations being that these chai'acteristics may be 
more or less pronounced, Ty])ical exami)!cs arc sljown in Figs, 2, 4, and 5, 
Pigs. 2 and 3 illustrate the condition before the induction and after a number 
of refills. In Fig. 4 the iii’st elcetrocaixliogram (-4) was taken at the height of 
the diaphragmatic rise and exhibits all the features described, 'J’hen the pneu- 
moporitonevun was abandoned, and the second tracing (J5) was taken after the 
diaphragm had de.scended. The pattcni has become normal again. Pig. 5 is 
of a patient who .showed a typical pneumoi)eritoneum pattein a.s the diaphragm 



A. ' B.' 


Fie. 4. — A. P.: A, X-ray and electrocardioETom at Uie height of the dlaphraeniaOc ris& 
S-Ts Is flattened, Qs is present, and Ti Is inverted. P, Pneumoperitoneum ahandoned. ine 
diaphragm has descended to its lowest level. The electrocardiogram now shows a normal 
S-Tj and S-T:. No Q: is present 
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rose ; then the refills were discontinned, the diaphragm came down, and with it 
the electrocardiogram approached the normal, though not completely, as the 
phrenic paralysis persisted and the diaphragm did not descend to its lowest 
level. 

The electrocardiograms as demonstrated here represent only the initial and 
final patterns. The characteristic picture usually occurs soon after the early 
refills. 



A. • B. C. 

Fi^. 5. — J. H.: A, Left diaphragm is slightly raised after left phrenic crush. B, During 
treatment yrtth pneumoperitoneum both sides of diaphragm raised; left higher than the right. 
The electrocardiogram sho,ws flattening of S-Ti, marked Os, and inverted Tj. G, Pneumoperi- 
toneum abandoned; diaphragm approaching previous level. Electrocardiogram: T- reappears, 
Q 2 becomes smaller, and Rs taller. The inversion of Ts has disappeared. 

DISCUSSION 

The. electrocardiograms characteristic of pneumoperitoneum resemble to a 
certain extent the Qs-Tg pattern of coronary thrombosis involving the posterior 
wall, although with pneumoperitoneum we do not find that the S-T segment in 
Lead III ever becomes really dome-shaped. No clinical sjTnptoms, however, 
suggesting coronary thrombosis have been noted. Moreover, no clinical signs 
such as anterior thoracic pain, fainting attacks,' or sudden onset of dyspnea 
have been recorded. Therefore, the suggestion that these electrocardiograms 
represent the pattern of acute cor pulmonale due to pulmonary embolism, can 
be dismissed. However, it is conceivable that a reduction of the bed of the pul- 


A.MKKICAX 11I:a 1{T JOHUNAh 
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monary circulation is brought about by tlic elevation of tlie diaphragm, thus 
straining the riglit iieart. Tins seems unlikely for Ihe following reasons. Pir.st, 
the vital capacity — an imporlant Ihotigh not Ihc .sole measure of pulmonarj" 
function-rdoes not show any gro.ss diminution; sometimes e^'cn a .slight rise 
000111*8. Second, in collapse therapy, sueli as artificial pneumothorax after ad- 
hesion section, or after a nine-rib thoracoplasty, much larger areas than those 
affected hy pneumoperitoneum are usually collapsed without the electrocardio- 
gram, even approaching the pneumoperitoneum pattern as described previously. 
Eight axis deidation with a deep S deflection in Lead I, is often one of the flnd- 
ings when the heart is displaced hy these collapse measures, Third, the pat- 
tern obtained with a raised diaphragm is rei'ensihle, and can he brought back to 
normal with the descent of the diaphragm. 

It thus appears that we linvc e.xhaustcd all the kiiomi clinical possibilities 
of accounting for the elcctrocardiogi’aphic changes observed. The only ex- 
planation left is to assume that the heart remains functionally intact and that 
the elianges in the eleetroeardiograin arc brought about merely hy a geometric 
displacement of the heart. Tlic tracings were therefore analyzed from this point 
of view. 

METHOD or ANALYSIS 

For the purpose of the present analysis it is assumed that an electrical 
axis determination is equivalent to a detennination of llie geometric position 
of the heart. Thus, the eleetz-ical axes are used as pointers flxed to the heart, 
following and indicating its displacements. Some of the changes could be stud- 
ied from the alteration of the licart's position in the roentgenogram, but ilie 
measurements are not reliable. TJie electrical methods, liowcver, were found to 
convey a more detailed picture of its movements in tliree dimensions. 

Two major difficulties had to be ovci’comc before electrical axis determina- 
tions could he carried out. One of these, the fact that the instrument available 
could only record a single lead at a time, was purely technical. All published 
methods of electrical axis determination arc based on the simultaneous recording 
of at leaist two of the standard leads; from these two tracings the position of the 
efectrical axis in the frontal plane at any chosen instant can he worked out hy 
one of several well-established methods. The second difficulty is more funda- 
mental. As we wish to correlate the displacement of the electrical vector with 
that of the heart itself, it is necessary to carry out the axis determination at a 
well-defined point of the heart cycle. However, the very change in tlie electro- 
cardiographic paliem we are interested in makes it impossible to recognize -with 
any certainty the phases of the cycle before and after the displacement of the 
heart. This second difficulty would persist even if it wei'e possible to record two 
leads simultaneously. 

The application of a concept introduced by Wilson, JIacLeod, Barker, and 
Johnston,® and used veiy extensively since hy Ashman, Byer, and Bayley^ of- 
fered a way out of both these difficulties. Tliese authors have defined as the 
•'ventricular gradient” and the “QKS vector” a pair of electrical axes which 
represent the total average activity of the Avhole ventricular complex and of the 
QES complex respectively. The averaging process here refers both to the 
direction and the intensity of the indivddual vectors making up the electrical 
activity of the heart. As a result of the calculation Ave obtain new vectors of 
which we know both the direction and the magnitude (length), the latter being 
designated as manifest value. Being averages over the whole or a well-defined 
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j)art of the QllS-T complex, these vectors are not tied to any particular pliasc 
and can therefore b6 used as indicators to denote any changes in the position 
of the heart. Ashman and Byer'* may have had an application sueli as this in 
mind when they correlated the direction of the average vectors with the position 
of normal human hearts, althougli the method has aiiparently not been applied 
to cases where the position was actuallj^ changed in the same patient. 

Details of the method used are not of great interest. Suffice it to say that 
the electrocardiograms were projected on graph pajier and the outlines were 
draAvn. The areas under the enlarged electrocardiograms so obtained were de- 
teiTuined by counting those squares aboi'c the zero line as positiim, and tliosc 
below as negative. Tlic sum of tlie squares counted for an}* one of the leads 
(averaging in each case over three cycles) represents the component of the 
average vector in the direction given by the points at ivliich the lead ivas taken. 



1 



-I- 


Fiff. 6. — ^Illustrating' method of - evaluation. The areas under the different parts of Ojc 
.electrocardiographic tracings are tabulated and added to give those of QRS and QRS-T. The 
' latter divided by the area occupied by 1 fiv second gives the components of the average vac- 
tors along tlie sides of tlie Einthoven triangle. These components are marked by heavy lines 
inside the triangle for QRS and outside the triangle for QRS-T. The resultant vectors arc 
constructed from their components as shown; their lengths and directions are read off the 
diagram. Wliere the three values of the resultant vector (marked 1/t, 2/.i, f/5) differ, the 
center of the little triangle formed is the average of the three values given in the table. The 
figure also illustrates the choice of the demarcation between S and T. 

An example of the procedure is given in Fig. 6. The areas measured Avere 
standardized by the deflection produced by impressing the usual calibration 
A^oltage of 1 millivolt on the recording galvanometer; knowledge of the standard- 
ized deflection and of the time scale recorded in each case enables one to express 
these areas in terms of millivolt-seconds (mv) or microA'olt-seconds (/xv). The 
directions of the vectors Avere determined by using the chart of Carter, Richter, 
and Greene.^ Measurements of the Aulues in any of the tAVo leads allOAv the de- 
termination of the direction and the manifest value of an electric heart axis 
as projected on to the frontal plane; here all three leads Avere utilized in order 
to check the validity of the Einthoven triangle. In this Avay three values Avere 
obtained in each ease, the averages of Avhicli are quoted in Table VI. All the 
A'nluos arc tabulated for all measurements from one of the patients, in order to 
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convey an idea of the accuracy obtainable. It i.s considered tliat the agreement 
of the values justifies the method adopted for evaluating the electrocardiograms ; 
but it should be pointed out that tlic accuracy is lowcr for patients with lower 
voltages in their electrocardiograms. 


INTERPRETATION AND RESULTS 

When one attempts to determine the QRS vector a difficulty of interpreta- 
tion arises which is probably less pronounced with a noimal human heart than 
with the displaced heart under consideration. The displacement of the licarl 
manifests itself by a strong deviation of the S-T segment from the zero line, in 
particular in Lead III. This means that if the definition gi%'en by Asliman 
and Byer‘ (“the area of S is the area below the upper edge of the S-T junction, 
or, if that junction is deviated, below' the level of the base line . . .”) js followed 
literally, misleading results wall be obtained; the QRS complex w’ould seem to 
last very much longer in one of the leads than in the other two. Since there is no 
systematic method of deciding w'here the QRS complex finishes and the T wave 
begins it wms often neccssaiy to make an arbitrary decision. Pig. 6 i]lustrate.s 
a possible choice; the S deflection is regarded as terminating at the point where 
the cloclcwdse curvature of the deflection lowmrd the horizontal is strongest. A 


Table VT 


.STAGE IN* TREAT- 
MENT ' 

LEADS 

1 QRS ! 

1 QRS-T j 

X-RAY 

ANGLE 

n 

MAN. VAL. I 
(pV SEC.) ■ 

ANGLE 

r) 

.MAN. VAL. 

(mV sec.) ! 

ANGLE 

n 

J. H. B. 

1/2 

58 

15.2 

45 

19.6 

52 


2/3 

68 

15.2 

52 

19.3 



3/1 

02.5 

17.4 

49 

21.8 

< 


nv. 

62 

15.8 

48 

20.1 


P. P. 

1/2 

29 

13.4 

+ 9.5 

22.§ 

39 


2/3 

26 

14.5 

+ 2 

22.8 



3/1 

25.5 

13.0 

- 4 

26.7 



nv. 

27 

13.4 

+ 2 

24.0 


Ref. 

1/2 

0 

9.6 

-17 

15.2 

38 


2/3 

+14 

7.1 

-14 

10.0 



3/1 

+19.5 

10.3 

- 4.5 

13.9 



av. 

+10 

8.9 

-11 

13.0 


P.n, 

1/2 

43.0 

1.3.9 

39 

20.4 

44 


2/3 

57 

13.3 

47 

19.4 



3/1 

51.5 

16.1 

45 

21.8 



av. 

51 

14.5 

43 

20.5 


A. P. Eef. 

- 

71 

0.3 

12 

17.2 

45 

Ref. 


64 

10.7 

6 

15.2 


P.a. 


73 

7.4 

55 

18.3 

43 

P.a. 


91 . 

4.7 

64 

20.5 

58 

P.a. 


90 

5.2 

45 

22.4 


P.a. 


80 

3.5 

62 

15.3 

52 

E.A. B. 


71 

5.9 

28 

8.5 

65 

Eef. 


39 

10.1 

-17 

11.9 

MW 

Eef. 

' 

30 

9.0 

-21 

8.5 

62 

Eef. 


53 

7.0 

11 

6.0 

53 

H.W. B. 


74 

7.0 

65 

15.3 

55 

Ph. Or. 


71 

6.3 

09 

10.1 


Eef. 


62 

18.0 

46 

18.0 


Eef. 


35 

8.5 ' 

+ 1 

14.9 


Eef. 


22 

9.8 

-12 

14.5 

48 

K. T. B. 


57 

6.2 

52 

J7.7 

60 

B. 


63 

4.7 

53 

13,7 


Ph. Or. 


' 55 

3.8 

52 

11.7 


Eef. 


35 

15.2 

22 

19.6 

42 


AHsies oi me averase veciors wim me norizoniai ana manifest values (man val.) In itv 
^conda* at various stages of the treatment, viz.: B, before treatment; Ph. Or., phrenic crush- 
P.P., in duotlon of pneumoperitoneum; Ref., renU; P.a., pneumoperitoneum ab^doned. 

. . *r>«e to a fault In the instrument all the recorded voltages -were low. Comparison with 

Ashman and Byer indicates that our voltages should be about t^ce those rS-ded 
does not affect the conclusions which are bas& on the relative valuesln the Afferent l^ds.^^* 
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vertical line between that point and the base line separates the S deflection 
from the T wave for our puiposes. This arbitrarj’^ choice does not, of couree, 
influence the values and directions of the gradient vector. That the choice was 
justified is demonstrated by the fulfilment of the Einthoven triangle condition 
for the QRS vector as shown in Table VI. 

Table VI gives the manifest values and directions of the two vectors al 
the various stages of the pneumoperitoneum treatment. These stages are 
indicated by the following abbreviations: B, liefore treatment; Pli. Cr., 
phrenic crush; P.P,, the induction of the pneumoperitoneum; Ref., a refill: 
and P .a., that the treatment has been abandoned, although it does not 
necessarily mean that the diaphragm has returned to its initial position, as 
phrenic paralysis may persist. The geometric position of the heart, as obtained 
from anteroposterior roentgenograms, is given in the last column. The pro- 
cedure followed in the measurements was that described by Koesler,® though it is 
to be borne in mind that the determination of the movement of the longitudinal 
axis' on a roentgen film is met with great difficulties, since after the diaphrag- 
matic rise the heart shadow can attain an entirely different shape, and some- 
times the position of the apex cannot be assessed with certainty. However, a 



Fig. 7. — The QRS-T angles plotted against those for QRS, from Table VI. Lines ^itb 
arrow heads indicate the points belonging to tlie same case. The points follow a well-defined 
trend; as the diaphragm rises the separation between QRS and QRS-T increases. 

rough idea can be obtained, and from the figures shown in Table VI it is evident 
that the- electrical vectors carry out much greater movements than are shovTi by 
the radiographic measurements. The marked rotation towards the left, as indi- 
. cated by the electrical vectors, must be described as a pronounced left axis devia- 
tion. For example in the case of J. H., the QHS vector is deviated toward the 
left by 52 degrees and the gradient vector, by 59 degrees. In most instances 
the angular separation of the two vectors increases as the diaphragm rises. The 
angular positions of the vectors with regard to the horizontal axis in the course 
of P.P. are demonstrated in Fig. 7, in which, following the example of Ashman 
and Byer,^ the angle of the QES-T complex is plotted against that of QRS com- 
plex for the cases in Table VI. It is clear that the position of the heart changes 
in a very well-defined manner. 
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Adopting the findings of Aslunan, Gardberg, and Byer' it^ is possible to 
describe the change of position of the heart in simple terms. These authors 
have shovm that in the normal heart the gradient vector lies behind the longi- 
tudinal axis of the heart ; the axis points slightly fonvard and to the left. The 
QBS vector lies back still further. The two vectors and the longitudinal axis of 
the heart lie nearly in one plane ; the angle between the axis and the gradient 



is approximately 60 degrees, and that between the axis and the QES vector 
is approximately 90 degrees. The length of the gradient vector in space (as 
against its projection onto the frontal plane) is about tmee that of the QBS 
vector. This situation is depicted for a heart in a fairly normal position in Fig. 
8, a, where the length of each vector corresponds to the projection onto the 
frontal plane given in Table VI (J. H.). The rise of tlic diaphragm transfers 
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the vectors into positions indiented in Fig. 8, 5, c, and d. What this movement 
means in terms of movement of the heart itself is best demonstrated by means 
of a solid model of the heart and its attached vectors, a shadow image of which 
is throrni onto a piece of paper rejiresenting the frontal plane. In this way it 
is seen that the movement of the vectors and thns of the heart consists in the 
main of a rotation about an anteroposterior axis. This rotation is anticlockwise 
if we look at the front of the body and transfers the longitudinal axis of the 
heart H-II and the vectors into the position b. We have seen, however, that the 
angle between the QES and the QES-T vectors increases on raising the dia- 
phragm. This increase may be brought about in two ways : either by a rotation 
about a transverse axis which would leave the lengths of the vectors as measured 
in the frontal plane essentially unaffected (this is indicated in Fig. 8, c) or by 
a rotation around a vertical axis affecting very strongly the lengths of the pro- 
jected vectors (Fig. 8, d). Most of the eases analyzed show rotation about the 
transverse axis, but the case of *1. H. appears to represent a rotation about a 
vertical axis. 

The number of cases analyzed does not allow anj’- more general eonelusions 
regarding the movement of the heart produced by pneumoperitoneum. It is 
clear that the present analysis has not exhausted the possibilities offered by this 
and similar operations to the study of the heart aeti^nt3' and in particular of 
the fundamental average vectors. At present the results of previous work had 
to be used in order to derive the movement of the heart from the electro- 

i 

cardiogram; the correctness of our interpretation depends entirely on these 
results which were derived and generalized from a study of a large number of 
normal human hearts in different positions of the body. The possibility of dis- 
placing the same heart, largely at will, offers the attractive prospect of detennin- 
ing directly the geometric relationship of the various vectors and tlie heart and 
the body. 

su:mm.\ry and conclusion 

1. The treatment of pulmonary tuberculosis vdth pneiuuoperitoneum offers 
tlie opportunity of studying the cardiovascular changes in the presence of a 
markedly raised diaphragm. 

2. No cardiovascular distress has been observed with this kind of treatment, 
even if one diaphragm rises as high as the second rib anteriorly. 

3. The vital capacity was measured in a number of patients; after months 
of treatment with pneumoperitoneum refills of 1,000 to 1,400 c.e. of air, some 
of them showed no change at all, otheivs .showed a slight increase, and some 
.showed a decrease. 

. 4. TJie nonnal electrocardiogram develops the Q3T3 pattern and the S-T de- 
flection in Lead II becomes flattened. No signs of coronary thrombosis or pul- 
monary embolism have been noted. The pattern is reversible and becomes nor- 
mal again with the descent of the diaphragm. 

5. A study of the QES vector and of the ventricular gradient demonstrates 
that the change of the electrocardiogi’aphic pattern is due in the main to a rota- 
tion of the heart around an essentially horizontal axis lying in the sagittal plane, 
the rotation to be described as anticlockwise, as one looks from front to back, 
i.e., the apex moves upward toward the left. 

6. This accounts for the often striking distortion of the heart silhouette in 
the roentgenogram. The apex sometimes becomes buried in the 'heart shadow. 
Measurements of the displacement of the heart on the roentgenogram are there- 
fore not reliable. 
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7. The conclusion 1,o bo drawn from the clinical observations together with 
tlie results of investigations of vital capacity and electrocardiogram is that 
pneumoperitoneum treatment in a tuberculous patient with a nomal heart does 
not entail any danger from the cardiovascular point of view. 
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THE EELATION OP AGE AND OTHER FACTORS TO CARDIAC 
SUBENDOTHELIAL HEMORRHAGE IN DOGS 

]irAURirE B. VlSSCflEB, Pii.D., I\f.D., AND AusTix Henscheu, Pn.D. 

j\IlNNEAPOLlS, IMnW. 

T he observation that large and small hemorrhages into the heart valves of 
dogs occurred with surprising frequency in examinations of animals em- 
ployed for physiologic investigation prompted this study. The occurrence of 
cardiac subendothelial hemorrhage, spontaneously or as a result of experimental 
procedures, is of interest for several reasons: first because the lesions in the 
blood vessels responsible for such hemorrhages may be a measure of similar 
lesions elsewhere, which may be more difficult to observe; second, because the 
occurrence of such lesions maj^ have a bearing on the age incidence of vascular* 
disease; and third, because conditions which cause .subendothelial valve hemor- 
rhages may play a role in the etiologj*- of such diseases as rheumatic and bacterial 
endocarditis. The observations reported here maj’’ provide a basis for an experi- 
mental approach to practical problems in these fields. 

MATERIALS ANU METHODS 

Mongrel dogs of various ages were employed in this study. One hundred 
seventy-eight animals were used. The observations fall into three groups: 

1. Observations ivere carried out on the hearts of eighty-six dogs of various 
ages, mostly Idlled in the laboratory for other experiments. Nineteen animals, 
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anesthetized with ether, were bleeders for heart-lung preparations. Nineteen 
cerebral cortex stimulation; these, also, were anesthetized with 
etlier. Eleven animals were Mlled by intravenous infusion of lanatoside G 
without anesthesia. Ten were anesthetized with ether and employed in respira- 
tion studies. . Nine were anesthetized mth nembutal for two houra and employed 
m mtestmal absorption experiments. Bight were killed mth overdoses of 
nembutal or ether. ^ Bight were killed by intravenous injection of potassium 
cyanide solution without anesthesia. In no instance was a pressor drug em- 
ployed. There were no apparent differences in the observations in the several 
groups, a,nd they will be treated as one. In these animals a careful autopsy* 
examination of the interior of the heart was made and tissues were removed for 
microscopic ex^ination after fixation in Zenker-formalin solution and hema- 
toxylin and eosin staining. 

2. ^ Forty-four dogs^ were studied specifically with respect to the incidence 
of valve hemorrhages in relation to the effects of epinephi’ine and pitressin. 

3. Forty-eight dogs were studied specifically with relation to a possible 
antagonism between papaverine, vitamins P or C and epinephrine or pitressin 
in connection with the hemorrhagic tendency. 

All animals in Groups 2 and 3 were killed by intravenous injection of 10 
per cent potassium cyanide solution without anesthetization. 

The presumed ages of the animals were ordinarily obtained from the dealer, 
who was requested to obtain as accurate information as possible from the original 
owners. The dogs were bought from farmers by this dealer. Bi a number of in- 
stances, where no such information could be obtained, the age was estimated 
from the condition of the teeth by an experienced animal caretaker and recorded 
before any other observations were made. In these estimates of age. emphasis can 
be placed only on the results with young and old animals. 

In Series 2 and 3 the animals were treated with various agents, as indicated 
in each case. The sex was noted in each case, but they are not separated in the 
results because there was no striking sex difference in the findings. 

EESDLTS 

1. The Factor of Age . — The occurrence of subendothelial hemorrhages, par- 
ticularly into the mitral valve leaflets, but less often into the aortic and tricuspid 
valve leaflets was noted. Fig. 1 shows a typical example of a mitral valve ^vith 
a punctate and larger hemorrhagic areas. Fig, 2 shows a low-power microscopic 
section of such a hemorrhagic valve. Fig. 3 is a high-power view of a portion of 
the same valve showing massive subendothelial hemorrhage. Table I shows the 
incidence of subendothelial hemorrhages in the valves of the hearts of dogs in 
relation to age. It will be seen that three and one-half times as many old dogs 
showed cardiac valve liemorrhage in this series of observations as did young 
mature animals. It is believed that no factor other than age entered into this 
difference because no know selective factor entered into the choice of animals 
for study. 

2, Hemorrhage Indiiced hy Vasospastic Agents . — Since the younger animals 
shosved fewer spontaneous valve hemorrhages, the influence of various agents up- 


TABLB I. SUBEKDOTHELIAL HEART VALVE HEMORRHAGE IX DOGS IX EELATIOX TO AGB 


AGE RAXGE 
(VR.) 

1 NUMBER OF 

1 ANIMALS 

j NUMBER WITH 

1 HEMORRHAGE 

1 PERCENTAGE WITH 

1 HEMORRHAGE 

1 to 3 

31 

6 

19 

3 to 5 

36 

17 

47 

5 and over 

19 

13 

■ 68 
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TABIiE II. I’HE iNrliUKNOE OR ISOTONIC SAEINE, EWNEWIKINE, AND PlTRGBSlN 

Upon Heart Varve Hemoerhaoe in Dogb 


number 

OF 

ANIMALS 

1 AGE 

RANGE 

(MONTHS) 

DRUG 

TREATMENT 

KILLED 1 

AFTER 

(DATS) 

NUMBER » 
VUTir 

HEMORRUAGE 

PERCENTAGE 

vain 

nE.MOKRnAOE 

4 

6 to 8 

Saline* 

3 

0 

0 

J 

5 to 1) 

Saline* 

34 

0 

0 

■1 

4 to 8 

Epinephrine f 

3 

o 

75 

4 

G io 7 

Epinephrine 1 

34 

1 

25 

4 

4 to 8 

Pitrp.«sint 

1 

4 

100 

4. 

5 to 0 

pitressin t 

14 

1 

25 

2 

24 to 48 

Saline* 

0 

2 

100 

TO 

18 to 48 

Epinex)hrincl 

1 

8 

80 

0 

24 to 48 

Pitressint 

0 

2 

100 


•The Intravenous injection o£ 0.6 c-c. of saline four times at hvo-hour Intervals serv'ed as 
a control on the other experiments. 

tDose: 0.5 c.c. of 0.1 per cent epinephrine four times at two-hour Intervals. 
tDo.so: 0.6 C.C. of pltressln (Parke, Jlavls and Company) four times at two-hour In- 
tervals. 



PlR. 1. — Gross appearance of the mitral valve of a doe showine hcmorrhaeie lesions at the 

points indicated by arrows. 

on such lesions was studied first in dogs known to be less than 1 year old. Ob-' 
servations were made upon the effects of intravenous injections of 0.5 c.c. of 
0.1 per cent adrenalin, repeated four times at two-hour intervals, ndth death of 
the animal either immediately, twenty-four houi's, or two weeks later by in- 
travenous potassium cyanide. Similar experiments were perfonned using the 
afore-mentioned doses of Pitressin (Parke, Darns Company). These experi- 
ments were controlled by giving equal quantities of isotonic saline to comparable 
numbers of- animals of the same ages. The insults appear in Table II in which 
it is evident that, when 5- to 8-month-old dogs are Idlled by potassium cyanide, 
after a control injection of saline, no snbcndothelial hemorrhages arc seen. In 
the case of the 2- to 4-year-old dogs given saline, both showed hemorrhages. 
These observations are in confii-matiou of the results shomi in Table I. The ten 
animals in the saline control series here were not included in Table I. If they 
are so added, the age difference shown in that table would be even more pro- 
nounced. 

However, when either epinephrine or pitressin uas given to young dogs 
killed within a day thereafter, hemorrhages appeared in 75 and 100 per cent of 
the animals, respectively. 'When death was delaj-ed until two weeks after dzaig 
injection, hemorrhage was still evident in one dog out of four. With older 
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animals the incidence of hemorrhage with either drag was nearly 100 per cent, 
as might be expected. The important result is that after the employment of 
adrenalin and pitressin subendothelial hemorrhages were seen in young dogs 
wliicli otherwise did not present such lesions. - . , 



Pig. 2. — Low-power view of a section of a mitral valve leaflet of a dog showing a large hemor- 
rhagic area. Zenker- formalin fixation ami hematox>-lin-eosin staining (magnified X30). 



Pig. 3, — ^High-power view of a portion of the valve shown in Fig. 2 (magnified X240). 


3. Unsuccessful Attempts to Counteract the Hemmi'liagic Effects of Epine- 
phrine and Fitressin. — Since ascorbic acid and vitamin P (citrin) have been 
shown to have an effect in preventing certain types of liemorrhage^*^ it was 
thought desirable to test their effects upon the hemorrhagic effects of the two 
agents employed in these studies. Three series of experiments were performed. 
In the first, ^500 mg. of ascorbic acid Avere administered daily for seven days, by 
capsule, before the vasospastic dimg Ava.s given. In the second, the same doses 
of citrin were given. In the third, 150 to 200 c.e. of whole lemon water extract 
were given daily for fourteen to twenty-eight days by stomach tube. The 
lemon extract was prepared by placing forty-eight finely sliced lemons in a 
liter of water, boiling for ten minutes, macerating, cooling, filtering twice 
through gauze, and preserving on ice. This water extract contains both ascorbic 
acid and citrin besides other substances. 

The- results of these experiments arc shown in Table III. Neither ascorbic 
acid nor citrin, in the doses used, exhibited any protective effect gainst 
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TAuni: TII. Obscrvationb ok Ascorbic Acid and Citkik in Eedatiok to 
He<vrt Valve Hbmorbhage in Dogs 


NUMBER 
' OF 

ANIMALS 

AGE 

RANGE 

(MONTHS) 

PRE-TR 

DRUG 

EATMENT 

DOSE PER 
DAY 
(MG.) 

TIME 

(DAYS) 

1 

DRUG 

TREATMENT 

NUMBER 

WITH 

HEMOR- 

RHAGE 

PERCENTAGE 
I71TH 
IIEMOR- 
1 RHAQE 

2 

2 to 3 

Ascorbic acid 

500 

14 

Saline* 

0 

0 

2 

2 to 3 

Ascorbic acid 

500 

14 

Epinephrine f 

2 

100 

O 

2 to 3 

Ascorbic acid 

500 

14 

Pitre.s.sint 

O 

100 

2 

3 

Citrin 

500 

14 

Saline* 

0 

0 

2 

3 

Citrin 

500 

14 

Epinephrine f 

2 

100 

2 

3 

Citrin 

500 

14 

Pitre.^sint 

1 

50 

4 

8 

Lemon extract 

175 

14 

Epinephrine t 

3 

75 

4 

5 to 10 

Lemon extract 

175 

21 

Epinephrinei 

3 

75 

4 

G 

Lemon extract 

175 

28 

Epinephrinef 

4 

100 

6 

10 

Lemon extract 

175 

IS 

Pitressint 

5 

83 


*Dose: 0,6 c.c. four times at two-hour Internals one day before death with potassium cyanide. 
tDose: 0.6 c.c. of 0.1 per cent epinephrine four limes at two-hour IntciwaKs one day before death 
with potassium cyanide. 

JDose: 0.5 c.c. four times at two-hour Intervals one day before death with potassium cyanide. 

adrenaline, and an effect on the pitressin action is improbable; especially because 
nothing significant was seen with six dogs given lemon extract for eighteen days. 

It is concluded that ascorbic acid and cilrin do not have a protective effect 
against adrenaline and pitressin when given in massive doses over a two- to four- 
week pei'iod. 

In addition to the experiments outlined, studies were made on six dogs, 2 
to 10 months of age, in which 10 to 20 mg, of papaverine per kilogram of body 
weight were administered subcutaneously from twenty to ninety minutes before 
each injection of epinephrine or pitressin in the usual doses. Of these six 
animals, five showed the characteristic hemorrhages. Thus, papaverine, wliich 
is an effective coronary dilator,^ did not, in the manner used, prevent the hemor- 
rhagic effects of epinephrine and pitressin. 

DISCUSSION 

NedzeP’ “ employed pitressin in studies on the production of bacterial 
endocarditis in dogs. He reported finding endothelial swelling following 
pitressin administration but did not mention the occurrence of subendothelial 
hemorrhage. He inferred that pitressin facilitated the production of experi- 
I mental endocarditis. Hearing" and Hearing et al.® noted a high incidence of 
localized myocardial degeneration in cats treated with large doses of pitressin. 

They noted “small macroscopic reddish vermcae ... in the mitral valves in some 
of the animals. Subendocardial hemorrhages were observed maeroscopically 
in several animals. . . . The old animals (5 cats) were the only ones which 
^ developed myocardial lesions, lil^mcardial changes were not found in several 
young cats (4 animals).” 

The lesions reported in this paper occurred with much smaller doses of 
pitressin than those reported by Hearing and his co-workers. He employed 
doses four to six times as great in cats as were used in this study in dogs. The 
relative sensitivity of the eat and dog to the actions in question may be different. 

No specific test of this question has been can-ied out. Nevertheless, it is in- 
teresting that young eats appeared to be more resistant to the hemorrliagic and 
myocardial degenerative effect of pitressin than are older animals. 

The failure to prevent hemorrhages by ascorbic acid, eitrin, and papaverine 
in these studies is not considered by the authors to have great significance. 

These agents were chosen for study because of their obvious relations, in the ease 
of the first two, to small vessel hemorrhage, and in the ease of the second, to- 












51)7 


‘ VJSSCHER AISTD HENSCHEL : CARDIAC SUBENDOTHELIAL HEilORRIIAGl-. 

I 

coronary constriction. In a systematic study of possible antagonists to tins 
action of pitressin and epinephrine a much broader approach would be neces- 
sary. In fact it would be worth while, it is believed, to study the effe'cts of the 
same agents under different conditions. 

The experiments on attempted prevention of the hemorrhagic lesions are 
presented partly because they add to the proof that pitressin and epinephrine 
produce a high incidence of valve hemorrhage in young dogs. These observa- 
tions can, without much doubt, be added legitimately to the data presented in 
Table II. If this is done one finds that, in sixteen dogs under 1 year of age given 
pitressin and killed ivithin twenty-four hours, the incidence of valve lesions is 
88 per cent. In the ease of epinephrine the over-all incidence is also 88 per cent 
in twenty-four such dogs. This is in contrast to a zero incidence in twelve dogs 
under 1 year of age given control injections of saline. These figures are more 
impressive for statistical treatment than are those in Table II, alone. There can 
be no significant doubt about the reality of the pitressin and epinephrine effects 
in the light of the full data. 

The frequent occurrence of valvular hemorrhage in routine autopsies on 
older a n imalR requires discussion. It would be gratuitous to assume that- the 
lesions seen after death were necessarily present before the animal was handled 
in any way. All animals were either anesthetized with ether or nembutal, or 
killed with intravenous potassium cyanide. In addition most of the anesthetized 
dogs were subjected to some experimental procedures, as indicated. None of 
the animals was specially “trained” for intravenous injection or other handling; 
therefore, it is likely that blood pressure elevation and vasomotor reactions oc- 
euiTed in most of the dogs during the several manipulations. It is still an open 
question whether death could be produced by any procedure which would not 
introduce some element of excitement, without an extensive training period. 
Fui’thermore, it would remain to be shown that any toxic substance employed 
as a lethal agent did not itself cause alterations in the blood vessels of the heart 
valves before it could be used to ascertain whether or not the valve hemorrhages 
existed before treatment. 

Fortunately, the results here presented have some significance regardless of 
the precise mechanism of the development of lesions. The fact of the age differ- 
ence in incidence is at once important because it demonstrates a defect in older 
animals as regards their ability to meet certain strains without damage. The 
fact that valve hemorrhages occur with such great frequency in older animals 
subjected to a variety of treatments suggests likewise that such lesions are likely 
to occur from time to time in the ordinary course of events in life. The excite- 
ment involved in anesthetization or intravenous injection of potassium cyanide 
under the careful conditions employed is probably not greater than that in manj^ 
stress situations in life. Although we have no proof of the connection, it may be 
suggested that the roughened nodular valves seen with great frequency in 
autopsies of older humans, without rheumatic or bacterial endocarditis, could 
be the result of repeated hemorrhagic lesions of the type described here. 

The greater frequency of occurrence of hemorrhagic lesions in older animals 
is also to be considered in connection with the age incidence of coronary vascular 
disease in the human. This is made more pertinent by the observations of 
Bearing on focal myocardial degeneration in cats. Both sets of observations 
point toward a greater susceptibility to damage under strain in older animals. 

The present study obviously makes only a small beginning in the attack 
upon the problem. An exact physiologic analysis of the mechanism of produc- 



598 


AMEHICAK UlCAUT JOURNAL 


tion of subondotlielial Jieniorriiage is essential, to furtlier progress. It must be 
ascertained whether (1) blood prcsswre elevation, (2) extreme local ischemia 
Avith resulting injury to A'cssel Avails, or (3) other faetoi’s, are responsible for 
the lesion. It A\-ill also be necessary to account for the fact that the mitral 
valves are the sites of predilection for hemorrhage. It occurs to one that 
mechanical trauma may be greatest at this point. Further, it Avill be ncce.ssary 
to ascertain Avhether (1) alterations in the condition of the vessels or (2) differ- 
ences in the response to strain, are the eau.se of the differences in reaction 
at various ages. Such an analysis could scarcely fail to yield information im- 
portant to an understanding of the ageing process. Tliis preliniinaiy report 
is being made in order to call attention to Avhat are believed to be important faet.s 
basic to tlie entire problem. 

A " 

smr.AiAKv 

1. Observations on the state of the endocardium, particularly of the heart 
vah^es, haA'e been made in one hundred .seA’enty-eight dogs in relation to age, 
injection of pitressin and epinephrine, and in connection Avitli attempts to 
prcA'cnt the occurrence of lesions folloAA'ing the use of such agents. 

2. The incidence of subendolhelial heart A'alve hemorrhages in routine 
autopsies on laboratory experimental animals AA-as found to be more than three 
times as great in dogs OA-er 5 years of ago as in animals under 3 3'ears. 

V 3. In tAveh'c dogs under 1 A*ear of age the incidence of Amlve hemorz’hage Avas 
zero after control injections of i.sotonic .saline and death by intraA-enous potas- 
sium ej-anide solution. 

4. In sixteen dogs under I .rear of age giA^en piti’cssin and killed AA'ithin 
tAA’entj'-four hours the incidence of A'ah’c hemorrhage AA-as 88 per cent. The same 
incidence AA-as seen in lAventA'-four such animals given epinephrine. 

5. Neither ascorbic acid, vitamin P, nor papaverine counteracted the hemor- 
rhagic effects of pitressin or epinephrine, under the conditions emploj’-ed, 

6. These obseiwations may proA-ide a basis for an experimental appi’oach to 
clinical problems related to age and cardiovascular diseases. 
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AJNaiNA PECTOEIS WITH PARTICULAR REFERENCE TO ITS 
OCCURRENCE BEFORE AND AFTER I^IYOCARDIAL 
' INFARCTION 

Dante Pazzanese, M.D., and Ovidio Montenegro, M.D. 

Sao Paulo, Brazil 

I T IS the purpose of this article to present the results of an analysis of a large ^ 
numijer of cases of chest pain of the lands that suggest to the patient or 
his medical adviser that the heart is the source of the difficulty. It is not neces- 
sary to review here the classical picture of angma pectoris or to discuss at length 
the prevailing viev^ as to 'the mechanism which gives rise to the characteristic 
symptoms. It is generally admitted that this syndrome is due to disease of the 
coronarj’- arteries or to an absolute, or relative, deficiency in the quantity or 
quality of the blood circulating tlu'ough the coronar}* system and the Thebesian 
vessels. Heherden^ noted that many patients complained of pains in the chest 
which proved to be annoying but not serious and sharply differentiated between 
these and the disorder under consideration, which he was the first to describe. 
In practice, however, the differentiation between anginal pain and other less 
serious lands of pain is not always easy. For the purposes of analj^sis, we have 
divided our eases of chest pain into the following groups : 

A. Poorly Characterized Pains . — In this group we have placed cases of mo- 
mentary stabbing pain wthout radiation; of indefinite pain lasting for hours 
and not related to effort ; and of pain which lasted for a few minutes, did not 
radiate, and was influenced by respiration. We have also included, in this 
group, patients seen in consultation because of rheumatic, pleural, or neuralgic 
pain and those in which the pain was apparently of psychic origm. There are 
two lands of chest pain of cardiovascular origin which fall hito this group 
because they do not present features which make it possible to identify them 
with any certainty. We refer to the pain of aortitis, sometimes not severe, and 
usually located behind the sternum, which often comes on after, though not 
during, severe exertion and to the pain of pericarditis which is usually ac- 
companied by fever and may smiulate the pain of myocardial infarction, but 
usually does not radiate and is not associated with a feeling of oppression. 
Finally, we have included in this group, certain cases of pain occurring in 
women, without hypertension or diabetes, which simulated the pain of myo- 
cardial infarction closely but in which there were no associated changes in the 
electrocardiogram and there was no feeling of illness on the day afterward. 
We have seen a number of very interesting cases of this kind. 

B. Angina of Best.— In this group, we have placed cases of paroxysmal 
pain beneath the sternum or in the precordium, wliieli occurred at rest and was 
not precipitated by an obvious factor, was of short dui’ation, was accompanied 
in most instances by a feeling of oppression, was relieved by nitroglycerin, and 
radiated to one or both arms, to the neck, or to the jaws. We have not included 
here eases in which there was a history of myocardial infarction or in which 
the electrocardiogram displayed changes characteristic of infarction. 

Prom the Cardiac Service, of the Municipal Hospital, Sao Paulo, Brazil. 

Received for publication May 2, 1945. 
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Table I 


Total number of cosea analyzed 2,248 

Pains not well characterized 429 

Angina of rest (cases witliout history of infarction) 35 

Angina of effort (cases irithout history of infarction) 46 

Infarction • 208 


Table II 


Angina 

of 

rest 


Absence of signs 
Arteriosclerosis of the aorta 
Syphilitic aortitis 

Arteriosclerosis of the aorta and hypertension 

Arteriosclerosis of the aorta and mitral insufficiency 

Hypertension 

Coronary sclerosis 

Aortic insufficiency 

Aortic insufficiency and mitral lesion 


Angina 

of 

effort 


Mitral stenosis 

Congenital heart disease (pulmonary stenosis) 
Paroxysmal tachycardia 

Hyperthyroidism 

Absence of signs 
Arteriosclerosis of the aorta 
Syphilitic arteriosclerosis of the aorta 
Syphilitic aortitis and hypertension 
Arteriosclerosis of the aorta and hypertension 
Hypertension 

Hypertension and coronary sclerosis 
Coronary sclerosis 
Aortic insufficiency 

Aortic insufficiency' and mitral stenosis 
Mitral stenosis 


2 

G 

r: 


1 

4 

5 
3 
2 

3 
1 
1 

4 

3 

4 
3 
3 

5 
7 
9 
5 

0 

1 


C. Angina of Effort . — In tliis group, we ]iave placed cases in wliich pain 
of the type described in the preceding paragraph was induced by effort, emotion, 
the taking of food, or by exposure to cold wind. Here, also, we have excluded 
cases in which there was a history of infarction or in which the electrocardio- 
gram was characteristic of infarction, allhough there were some cases in this 
group in which the electrocardiogram .showed some of the features described 
by "Wolferth in cases of lateral infarction.” 

D. Myocardial Infarction . — We have placed in this group cases of anginal 
pain that was prolonged in the vast majority of cases and was accompanied 
by electrocardiographic changes that w'ere chai-acteristic of infarction from the 
first, or undenvent the characteristic evolution. 

The total number of case histories analyzed was 2,248; we placed 429 of 
these in the first group, 35 in the second, 46 in the third, and 208 in the fourth. 
The classification of the cases of angina of rest and angina of effort according 
to the type of heart disease present is shown in Table T. It will be noted that, 
of the 289 cases of anginal pain, there were 208 in Avhich the pain was associated 
■with infarction. The history^ of these cases of infarction showed that in most in- 
stances the patient experienced angina of rest or angina of effort, either before, 
or after, the coronary accident (Table II). Some patients had angina of effort 
and angina of rest simultaneously either before, or after, infarction occurred 
(Table III). 

We found, then, a veiy high incidence of angina pectoris before or after 
infarction. Had our study been more complete, the incidence might have been 
still higher. Dlany of our obsenatioiLs on cases of infarction were relatively 
recent, and it was not possible to determine whether anginal pain would occur 



PAZZANESE AKD SIONTEXEGRO: ANGINA PECTORIS 


601 


Table ni 


Total Bomber of cases of iAfarction 208 

With angina of rest preceding the attack 66 

With angina of effort preceding the attack 46 

With angina of rest succeeding the attack 41 

With angina of effort succeeding the attack 57 


, ' Table IV 

* 

Total number cases of infarction 208 

With anginal manifestations pre or post infarction 137 

Without anginal manifestations pre or post infarction 71 

ivlieu tlie patient returned to a more or less noimal life. It is also probable 
that infarction had occurred in some of the cases classified as angina of effort 
but could not be diagnosed because the electrocardiographic changes due to 
infarction had disappeared and the history did not give the necessary informa- 
tion. It vill be noted that angina of rest preceded infarction frequently. It is 
possible that its frequency after infarction is less than our tables indicate. In 
some instances, the attaelcs of pain considered angina of rest may have been 
induced by some factor that ivas not noted. There were also some cases classified 
as angina of rest in which the patient had a series of attacks of pain separated 
by short intervals; these may have represented the gradual development of an 
infarct or a series of minor coronary accidents. Judging by those cases, which 
were under obseiwation for a long period, angina of rest after recovery from 
infarction is infrequent. 

Angina of effort after infarction is much more common. This type of 
angina occurs under other circumstances (in syphilitic aortitis, in mitral or 
aortic stenosis, in hj^pertension, in anemia, and in hyperthyroidism) when there 
is a deficient flow of blood through the corona rj’^ arteries during strenuous exer- 
tion. But the incidence of angina of effort in these conditions is small in rela- 
tion to the number of cases in which it precedes or follows myocardial infarc- ' 
tion, and the disparity would be greater if more information concerning the 
subsequent history of patients seen in consultation were available and more 
extensive electrocardiographic studies had been carried out during periods fol- 
lowing the more severe and prolonged attacks of pain. 

We are aware that our views concerning the relation of angina pectoris 
to infarction are not in accord with those held in many medical centers. We may 
point out that, if syphilitic aortitis were a common cause of angina pectoris, 
one would expect to encounter in Brazil, where syphilis is a very common dis- 
ease, many eases of anginal pain due to syphilitic narroiving of the coronary 
orifices. In our experience, however, cases of this kind are rare in comparison 
to the number of cases of anginal pain before or after infarction. 

Our observations on the close relation between infarction and angina 
pectoi’is have led us to investigate eases of this disorder with considerable 
care. The prognosis and the treatment must be based, first of aU, upon a de- 
tailed and carefully taken history-. Wlien the history is taken by one who is 
veiy familiar mth the sj-mptomatology and conscious of the importance of de- 
tails, it provides information that cannot be obtained in any other way. 

Usually, angina of rest and angina of effort can be easily differentiated 
The former is spontaneous and paroxysmal, but it is not always intense The 
discomfort is usuaUy located beneath the sternum, in the precordium, or in the 
epigastrium, and often radiates to the ami. It is sometimes felt in the shoulders 
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elbow, or WJ-ist, and, when tliis is the case, it is not intliicnced by movement of 
the joints of the extremity affected. Angina of rest is very frecinently followed 
by infarction, and this is probably why it has been considered one of the most 
serious of cardiac symptoms. Whenever a diagnosis of angina of rest is made, 
and wlienever the histoiy suggests that it may be present, we advise the patient 
to be extremely careful. We often take this precaution in cases wliere there has 
been rather indefinite pain, or painful discomfort, of brief duration beneath the 
steraum, in the precordium, or in the .shoulders or arms. It is clear that there 
is a great possibility of error in diagnosis in such case.s, but to learn that a 
patient who has been told that his discomfort is of no consequence and has 
been reassured has died soon afterward from a coronary occlusion is a very 
disagreeable experience which we, like most physicians, wish to avoid. 

Some patients with typical angina of rest, before or after the occurrence 
of infarction, have rather prolonged crises at frequent intervals, as if there 
were a succession of minor infarctions. In some of these cases, the fomi of 
tlic electrocardiogram varies from one attack to another. The occuiTenee of 
sudden death after a series of such anginal attacks or the development of chai- 
acteristie electrocardiographic changes strongly -suggests that a series of small 
infarctions ended in a major one. 

In an^a of effort, the diagnosis is ea.sicr, but it should be remembered 
that the location of the pain is quite variable ; it may be in the wrist, elbow, 
neck, epigastrium, or right upper quadrant of the abdomen, rather than beneath 
the sternum. We believe that pain in the thorax or up])er abdomen, which is 
clearly precipitated by effoii, is due to coronary insufficiency in all except 
very rare cases. Angina of effort which precedes infarction often displays a 
rapid increase in severity which enables us to foresee the outcome : the patient 
complaihs that he has been having the pain for weefe or months, but that everj’ 
day he feels woj‘sc and develops pain after ]e.ss e.xertion. There are, however, 
curious cases in which ihe effect of effort is very variable. 

In the case of syphilitic aortitis with narrowing of the coronary orificas, 
and in aoi-tic insufficiency, angina of effort usually evolves slowly, often over a 
period of years. 

Angina of effort after infarction is more frequent than angina of effort 
before infarction. We believe that the former would be still more common if it 
were not customary to keep the patient at rest for a long period following the 
coronai'.’s' accident. It is logical to suppose that a seriously injured heart mil 
not tolerate the strain imposed by effort -without producing tnifavorable reac- 
tions. There are, however, occasional cases of recent infarction in which exer- 
tion does not produce pain. The occurrence of cardiac pain, like the occur- 
rence of pain of other types, is determined to some extent by psychic factoi’s; 
this probably explains Avhy, after a coronary accident, some patients complain 
of pain which is sometimes vague and at other times more intense and does not 
seem, to be closely related to the work imposed upon the heart. In such cases, 
it is often difficult to Icnow whether the pain should be attributed directly to 
the infarction, to disturbances in coronaiy circulation due to emotional reactions, 
or to purely psychic causes. 

Ai-thritic symptoms are not imcommon after infarction and sometimes 
develop several months after a coronaiy accident. The shoulder is the joint most 
often involved and the pain is closely related to movement of the arm, which 
clearly indicates that it is not anginal.® 
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"Wlien angina of effort does not appear during convalescence from myo- 
cardial infarction, under circumstances wliicli commonlj’’ induce it, and dyspnea 
is also absent, the prognosis is naturally favorable. The prognosis is also favor- 
able when, as often happens, angina of effort does occur in the earlier stages 
of convalescence but becomes less frequent and requires more effort to induce it 
as time goes on and, eventually, disappears. This is particularly true when no 
enlargement of the heart takes place. 

It is interestmg that angina of rest of .short duration is rare after infarc- 
tion. In contrast to the situation that obtains before infarction, we can almost 
always ascertain what the provoldng factors are when anginal pain occurs after 
infarction: physical effort, emotion, reflexes, or other effects associated with 
digestion. 

SDAIMARY 

Angina of rest and angina of effort may occur under a great variety of 
circumstances, but in the A’ast majority of cases they precede or foUow myo- 
cardial infarction. In syphilitic aortitis and diseases other than those which 
lead to myocardial anorexia by direct involvement of the coronary arteries, 
angina pectoris is, by comparison, infrequent. 

Angina pectoris is usually more severe when it precedes, than when it 
follows, infarction: and angina of rest is very much more common before, than 
after, infarction has occurred, particularly if we exclude from this category the 
pains separated by short inteiwals that sometimes aecomj^any the crisis. Wlien 
anginal pain following infarction is not related to exertion, it is often due to 
other precipitating factors and the diagnosis of angina of rest, if this is defined 
as spontaneous anginal pain, is difficult. 

Angina of effort, which displays a rapid increase in severity, and requires 
less and less effort to induce it, suggests that infarction is imminent. After 
infarction, the absence of angina of effort or a progressive decrease in its 
.severitj* is a favorable omen. In such cases, we believe that a gradual increase 
in the patient's phy.sical activity is beneficial. 
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FACTS AND FALLACIES ABOUT THE NOIl]\IAL APEX BEAT 


Frederick W . Niehaus, M,D,, Omaua, Neb,, and 
Commander Willis D. Wrignt, M.G., USNR 

P ALPATION of the preeordium in health and disease is a valuable diagnostic . 

procedure. The location of the apex beat gives first rate evidence regarding 
the size of the heart. It furnishes evidence of the size of the heart as valuable 
as that shown by fluoroscopy. When demonstrable, it is a more valuable sign of 
the heart size than roentgenograms, as usually taken, in full inspiration. 

On reviewing the information regarding the apex beat presented in the 
textbooks of physical diagnosis and cardiology, one is struck by the uncritical 
discussions of this subject. This is evident in the foUondng excerpts: Paul D. 
White^ in regard to locating the apex beats, slates, “This is possible in the ma- 
jority of cases, failing only in a few obese or veiy sick patients. “ Nonas and 
Landis^ in discussing the cardiac impulse, obseiwed that the intensity depends on 
“ (a) rapidity and the force of the ventricular contraction, (b) the shape of the 
chest, (e) the amount and the character of the overlying soft tissue ... in deep 
chested or corpulent individuals . . . may be imperceptible.'’ (Sutton® states: 
“Apex beat is the forceful projection of the apex against the chest wall.” 
“Force varies widely in different, individuals. ” “When the apex beat cannot 
be felt, leaning the body fonvard may make it more readily palpable.” Pratt 
and Bushnell* state: “Up to the twentieth year the cardiac impulse can be felt 
in practically every chest in health. With increasing age it can be less readily 
palpated, and by age fiLfty it can be felt in about forty per cent of the people. 

In old age it becomes again more frequently palpable.” Cabot and Adams® 
state that the apex impulse is visible in most persons. “More accurate locabza- 
tion of the maximum impulse, than is possible by inspection, can often be made 
by palpation.” Alfred L. Loomis® writes: “The cardiac impulse is visible in the 
majority of persons.” “Palpation determines the force of the cardiac pulsation.” 
Sahlr states, “An impulse synchronous with the heart action ... can be felt over 
the preeordia of healthy individuals.” Majors,® in discussing points of max- 
imum impulse, says, “This is normally located in about the fifth costal inter- 
space inside the mamillary line.” He also quotes William Haiwey in De Motu 
Cordis, “The heart is lifted and rises up to the apex, so that it strikes the chest 
wall at that moment and the beat may be felt on the outside,” Stems® says, 
“The apex can generally be located (by palpation),” 

Elias states,®® “Apex Beat” . . . “Normally palpable in the 4th or 5th inter- 
space, but may not be.” Selective Service Regulations®® require “Location and 
' determination of the character of the apex impulse.” Elmer and Rose®® write, 
“In normal subjects the point of raaximmn intensity of in^)ulse is seen in the 
fifth intercostal space just inside the midclavicular line.” Anderson®® writes, 
“Though usually found in the left fifth intercostal space within the nipple line, 
it is subject to change even in a normal chest.” Hope®^ says, “The apex beats 
between the cartilages of the fifth and the sixth left ribs at a point about two 
inches below the nipple, and one inch on its sternal side.” 


' jProm the Department of Internal Medicine, Universltj' of 
Omaha, Nebraska- 
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From these quotations it is apparent that the subject is treated in general- 
ities. The impression is invariably left that the apex is normally always present, 
having features identifying it as easily as the ‘'nose on the face.” DressleF® 
seems to be the only exception to this point of view. In his presentation on 
pulsations of the chest wall he discusses the subject as follows ; ' 

“The apex beat is the most prominent pulsatory phenomenon caused by 
the contraction of the normal heart. This is a circumscribed systolic elevation, 
one to two centimeters in width, felt at, nr somewhat inside of the midelavieular 
line in the fifth interspace in adults. The apex beat is usually well developed in 
children, becoming less distinct between ages of t^venty to thirty years. In 
adults over thiL’t 3 ’ j'ears a visible or palpable apex beat, noted in the recumbent 
position,, should arouse suspicion that some pathological condition is present. 

“The ‘point of maximum intensity’ may not always be synonymous vdth 
the ‘apex beat,’ as in various pathological conditions a powerful forward thrust 
is caused by segments of the heart quite distant from the apical area.” 

For many yeai’s it has seemed to us that the apex beat was absent more often 
than present. In doing insurance examinations, it seemed a bit compromising 
wth the truth when it was neeessaiy to describe the character and locate the 
apex beat in all individuals, usually spotting it accurately' on an anatomic 
diagram (Fig. 1). 



aiETHOD 

It was apparent that all apex beats were not equally visible or palpable, so 
a simple system of grading was conceived : 


Apex Beat (point of maximum intensity in normal hearts). — Grades (indicat- 
ing its absence or its degree of presence) ; 

0. Complete absence of any suggestion of a pulsation, at or near, the 
apical region. 

1. Some pulsation, but indefinite; cannot b6 used as an indication of the 
location of the apex beat or the size of the heart. 

2. Apex can be located; it may be faint, but it is definite. It may be 
only visible, or palpable, or both. It may be present only in the 
erect, prone, or leaning fonvaJd position, or in all positions. 

3. Apex beat definitely palpable and usually visible. Typical ^^nose on ' 
the face” type. - 


Cardiac ImpuUe . — . , 

This refers to any pulsation cau.sed by the heart in the precordium with, 
or without, an apex beat. ’ 


AMEKICAK HEART .JOHRNAE 
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The relation of the heart to tlie exterior surface of tlie precordiitin has been 
referred to, by the term, "heart accessibility," Factors influencing this situa- 
tion are (1) the thickness of the chest wall, due to bones, muscle, and fat (in 
women the mammaiy gland), (2) the contour of the chest, least favorable in the 
barrel type, and (3) lung distention, fully developed in emphysema. These fac- 
tors ai’c not sufficiently empliasized in teaching students or appreciated by prac- 
titioners. 

In order to obtain some definite information, it was decided to record -the 
results of palpation of normal hearts. All eases of cardiac disease were excluded. 

' These findings wcj'c recorded as a part of regular pliysical examinations. TJio 
precordium was inspected in good light. In women the breasts were lifted. Both 
inspection and palliation were done in the erect and tlie recumbent position and, 
if negative, in the leaning forward po.sition. Time consuming procedures were 
purposely avoided. It was estimated that not more than thirty seconds ivere 
added to the time for examination. The apex beat was graded and recorded ae- 
cording to the previous classification. The cardiac impulse was recorded as to ' 
whether it was absent or present, but the intensity of the impulse ivas not graded. 

The precordia of 1,000 persons with apparently nomal heaits were in- 
spected and palpated. The results -were recorded, as indicated prcriously. These 
were analyzed as follows: (1) How frequently can the apex be located defi- 
nitely by inspection and palpation? (2) How frequently can the apex be lo- 
cated with sufficient accuracy to be used as an indication of the size of the heart? 
(3) What is the influence of age on the demonstrability of the apex beat ? (4) 
How does body weight influence the dcmon.strability of the apex beat? 

RESDIiTS 

It became apparent, early in this study, that little was gained by grading 
the intensity of the apex beat beyond definitely establishing its absence or pre.s- 
enee. However, grading into four degrees was continued during the whole 
■study. It did stimulate greater scrutiny and. for this reason, should be con- 
tinued for a system of grading. 

The important facts regarding the absence or presence of the apex beat can 
be better .studied by combining Grade 0 and Grade 3 as the nonapparent type, 
since neither of these grades locate the apex beat or furaish any evidence of the 
size of the heart, and combining Grades 2 and 3 as the apparent type, both of' 
which give first class evidence of the size of the heart. 

Pig, 2 shows the incidence of combined apparent and nonapparent apex 
beats in males and females according to age. It is strildngly evident that, after 
.20 years of age, the apex beat becomes less demonstrable. This is less evident 
in women than in men but occurs in both sexes. Up to 20 years of age, the apex- 
can be distinctly felt in 54 per cent of males and 55 per cent of females ; between 
20 and 30 years of age it drops to 27 per cent of males and 39 per cent of females. 
This progressive decline is graphically shown in the chart. 

Fig. 3 shows the incidence of the apparent and nonapparent apex beats as 
influenced by the body weight. Weight is a very important factor in the ac- 
cessibility of the heart and in the demonsti’ability of the apex beat. Again, the 
apex beat is more frequently demonstrable in females. In the Aveight range from 
100 to 120 poiuids the apex beat is a distinct sign in 45 per cent of males and 46.8 
per cent of females. With increase of the body Aveight the demonstrability of 
the apex beat rapidly decreases, .somoAvhat faster in the males than in the fe- 
males. 
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The overall demoiistrability of the apex beat is shown in Table I according 
to age,* showing a definite apex beat absent in 76 per cent (Grade 0, 56 per 
cent; Grade 1, 20 per cent) and present- in 24 per cent (Grade 2, 10 per cent; 
Grade 3, 14 per cent) of normal individuals. 



Grddes Od-nd I —White ; Grdidct 2 3 — Shi.de d 


Pij?. 2. — Apparcntne.'js of the apex heat according to age and sex. 


IOO^I20/Ar 121-140/A 14.1-iaO/Af I6I~I50/A IS I — 



Gi-iJes 0 dfid I White; Grddes 2 And 3 


Pig. S. — ^Apparentness of the apex beat according to body weight and sex. 

Table II shows the same relation according to weight. In 74.8 per cent 
(Grade 0, 54 per cent; Grade 3, 20.8 per cent) of subjects the apex beat was ab- 
■sent. in 25.1 per cent (Grade 2, 10.8 per cent; Grade 3, 14.3 per cent) it was 
demonstrable. 

Tables III and IV show the actual numbers of individuals studied and the 
percentage in each group according to age. Tables V and VI show the same 
relation for individuals according to weight. 

CONCLUSIONS 

1. Critical inspection and palpation of the precordia of 1,000 normal per- 
sons reveal the fallacies in the teachings regarding the normal apex beat. 
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Table L AJjL Ages 


SEX 

1 APEX beat I 

1 CARDIAO UrPOLSE 

0 

1 

2 

3 

ABSENT ' 

PRESENT 

xo. 1 % 

NO. 1 % 

NO. 1 % 

NO. 1 % 

NO. 1 % 

NO. 1 % 

Male 

Female 

Total 

336 67.7 77 16 33 6.5 49 9.8 

224 44.3 123 24.3 67 13.3 91 18 

560 56 200 20 100 10 140 14 

414 83.6 81 16.4 

357 70.5 148 28.5 

771 77 229 23 


TABLf: II. All Weight.s 



1 APEX BEAT j 

1 CARPIAC IMPULSE 


0 

1 

2 

3 

ABSENT 

PRESENT 

SEX 

NO. 1 % 

no. j % 

NO, ( % 

NO. 1 % 

NO. ( % 

NO. 1 % 

Male 

Female 

Total 

332 67 

209 41.4 
541 54 

79 16 

129 25.6 
208 20.8 

32 6.5 

76 15 

108 10.8 

52 10.5 

91 18 

143 14.3 

404 81.6 
35.3 70 

757 7.5.7 

91 18,4 
152 30 

243 24.3 


Table III. Age Group of Males 


AGE 

(YRS.) 




APEX 

BEAT 




CARDIAC IMPULSE 

0 _ 



_ 3 

ABSENT 

PRESENT 

no. 

1 % 

NO. 

1 % 

NO. j 

% 

NO, 

1 % 

NO. 

1 % 

NO. 

1 % 

10-20 

14 

28 

9 

18 

9 

18 

18 

30 

24 

48 

26 

52 

21-30 

29 

45.9 

17 

72.1 

7 

11 

10 

16 

47 

74.6 

16 

25.4 

31-40 

60 

63.8 

18 

19.2 

7 

7,5 

9 

9.5 

77 

82 

17 

18 

41-30 

94 

83.2 

13 

11.5 

o 

1.8 

4 

3.5 

102 

90 

n 

10 

51-60 

71 

80 

10 

11 

4 

4.5 

4 

4.5 

83 

93 

6 

17 

61-80 

68 

80 

10 

10.8 

4 

4.6 

4 

4.6 

81 

94 

5 

6 


Table IV. Age Group of Fe.male.s 


AGE 

(■iTlS.) 




APEX 

BEAT 




CARDIAC IMPULSE 

0 

1 

2 

3 

ABSENT 

PRESENT 

NO. 

1 % 

NO. 

1 % 

NO. 1 

% 

NO. 

1 % 

NO. 

1 % 

NO. 

! % 

10-20 

15 

21.2 

24 

33.8 

10 

14 

22 

31 

38 

53.5 

33 

46.5 

21-30 

35 

31,8 

32 

29.1 

15 

13.6 

28 

25.5 

60 

54.5 

60 

45.5 

31-40 

39 

42 

24 

25.7 

18 

19.3 

12 

13 

74 

79 

19 

21 

41-50 

54. 

61.3 

15 

17.3 

8 

9 

11 

12.4 

7T> 

82.9 

15 

17.1 

51-60 

52 

60 

17 

20 

8 

9 

10 

11 

67 

77 

20 

23 

61-80 

29 

51.6 

11 

20 

8 

14.2 

8 

12.2 

4.3 

80.3 

11 

19.7 


Table V. Weigiit Gboup.s of Mai.es 


IVEIGHT 

(LBS.) 


/ 


APEX 

BEAT 




CARDIAC IMPULSE 

0 ^ 

1 

2 

' 3 

ABSENT 

PRESENT 

NO. 

1 % 

NO. 

1 % 

NO. 1 

% 

NO. 

1 % 

NO. 

! % 

NO. 

1 % 

100-120 

5 

25 

6 

30 

4 

20 

5 

25 

9 

45 

11 

55 

121-140 

32 

45.9 

19 

27 

6 

8,6 

1.3 

18.5 

46 

65.7 

24 

34.3 

141-160 

100 

60.3 

34 

20.5 

16 

9,6 

16 

9,6 

129 

77.7 

37 

22.3 

161-180 

105 

78.3 

14 

10.5 

5 

3.7 

JO 

7.5 

123 

91.8 

11 

8.2 

180- 

90 

85.7 

6 

5.8 

1 

0.9 

S 

7.6 

97 

92,4 

S 

7.6 


Table VI. Weight Groups of Females 


■WEIGHT 

(LBS.) 




APEX 

BEAT 




CARDIAC IMPULSE 

0 

1 

2 

3 

ABSENT 

PRESENT 

NO. 

1 % 

NO. 

1 % 

NO. 

1 % 

NO. 

1 % 

NO. 

1 % 

NO. 

1 % 

100-120 

88 

20.7 

61 

33.2 

35 

19.1 

50 

27 

101 

54.9 

83 

45.1 

121-140 

58 

37.2 

45 

28.9 

24 

15.4 

29 

18.5 

KIS 

69.2 

48 

30.8 

141-160 

53 

63.9 

14 

16.9 

8 

9.6 

8 

9.6 

73 

88 

10 

12 

161-180 

41 

68.4 

8 

13.4 

7 

ll.G 

4 

6.6 

50 

83.3 

10 

16 7 

181*4- 

19 

86.5 

1 

4.2 

2 

9.3 

0 

0 

21 

95.4 

1 

4.6 
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2. The overall demonstrability of the apex for all ages aiid weights, and 
both sexes, is only 24.6 per cent, instead of the implied 100 per cent. , . 
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Clinical Reports 


PBRrABTBRITIS NODOSA 
Report of Case 
Captain John C- Eagan, M.C. 

B ECAUSJil of the recent interest in periarteritis nodosa and the striking 
features in this ease, tlie fnlloAnng report is presented : 

CASE REPORT 

A married irliite man, aged 37 ycar.«, ■was admitted to the Station Hospital, Port 
Snelling, iliiinesota, iMarch G, l!i44, comidaining of a pain in the left side of the chest, 
nonproductive cougli, bachaclie, fever, muscle, aching, and stiffness of leg muscles. The 
past historj* •was negative. TJie patient denied infection with venereal disease. The famil}- 
history was negative except for the fact that hi.s father died at the age of 70 years from 
.'trtoriosclerosis. 

The patient stated that lie had been sick witli a cold for a week prior to his ad- 
mission to the hospital. During this period ho had perspired freely at night. At the time 
of admission, the patient complained of a pain throughout the left side of his chest, drj- 
nonproductive cough, backache over the renal area, and extremely painful arm and leg 
muscles which he described as being stiff. Any movement of the muscles gave him con- 
.siderable discomfort. He complained of feeling extremely tired and weak. 

Physical examination revealed a temperature of 100° F., pulse rate, .OG i)er minute; 
respirations, 20. The breath sounds were increased throughout the left side of the chest 
and a fe'tv scattered rales were heard throughout the left side of the chest, posteriorly. 
The blood pressure measured 106/70. The examination of the heart was negative. There 
was tenderness of the forearm and the calf iniisclos. A roentgenogram of the chest taken 
Atarch 9, 1944, sliowed no nbnormalitie.Siin tJie lung.s. 

Laboraforj- examinatiou showed 12,550 leucoc 3 'tes per cubic millimeter; Iiemoglobin 
(.Sahli) S9 per cent; neutrophiles, 70 per cent; l.ymphoc 3 'tes, 28 per cent and eosinopMles, 
2 per cent. The urine specific giavitj' was 1.020, with an acid reaction. It was negative 
for albumin and sugar. The sediment was normal. The blood Kahn was negative. The sedi- 
mentation rate of the blood was 50 mm. in one hour. 

A tentative diagnosis was made of rheumatoid stale or influenza. 

On March 22, 1944, the patient continued to complain of extreme weakness of the leg 
muscles and he also complained of substernal pain. The temperature curve was irregular 
with variations from 100° to 102.G° P, The pulse rate was 90 to 100. The patient became 
constipated and required the use of laxatives and enemas. He stated that he did not have 
strength enough to move his bowels. The ■weakness became more marked. Blood cultures 
were taken and reported as negative. Blood counts showed 4,500,000 erythrocytes per cubic 
millimeter, 17,900 leucocj'tes per cubic millimeter, and hemoglobin (Sahli) 85 per cent. The 
differential blood , count was reported as nentropliiles, 82 per cent: h-mphoev'tes. 17 per cent; 
eosinophiIe.s, 1 per cent. 

On March 27, 1944, after a trial of salicylates with no appaient results, sulfadiazine 
was administered. No effect was noted on either the patient’s well-being nor the fever. 

On March 29, 1944, the test for lieterophDe antibodies was negative. There were no 
agglutinins for typhoid, paratyphoid, txdaremia, or undulant fever in the blood serum. 
The blood serum proteins were: total, 5.65 Gm.; albumin, 3.59 Gm.; globulin, 2.06 Gm. per 
100 cubic centimeters. The' spinal fluid was clear, ■ndtli 2 leucocj'tes per cubic millimeter; 
sugar, 01 mg. per cent. The Wassermann test was negative, and the colloidal gold curve 
lyas reported as 0000000. The test for globulin ■was negative. 
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■ .EAGAN: PERIARTERITIS NODOSA ‘ 

bn March 31, 1944, the leucocyte count was 21,250 per cubic millimeter. The hc_mo- 
globin was 85 per cent (Sahli). - The neutrophiles were 92 per cent and the lymphocytes 

■ were 8 per cent. . ’ ■ ‘ ' 

Eepeated sputum examinations were negative for tubercle bacilli and Mamlic. ' A 
stereogram of tlie chest on April 3, 1944, showed a decreased radiolucency in the right lower 
lung field in the region of, the cardiohepatic angle which extended out from the lower portion 
of the right hilum to the costophrenic angle, suggestive of early pneumonitis. The heart 
was more transverse and appeared to be somewhat larger, both to the right and to the 
left. The transverse diameter of the heart was 16.2 centimeters. The transverse diameter 
of the chest was 32.7 centimeters. 

On April 3, 1944, all sulfonamide therapy was stopped and 10 Gm. of sodium salicylate 
were given intravenously. The patient noted a marked ringing in his ears but seemed to 

■ obtain considerable relief. He stated that he felt much better and could raise his arms 
and legs without pain. Sodium salicylate, 160 grains, was given each daj\ The electro- 
cardiographic findings were: auricular , rate, 120 per minute j ventricular rate,* 120 per 
minute; regular rhythm; P-E interval 0.20 second; QES interval, 0.06 second; E-T interval, 
0.24 second. Impression: sinus tachycardia. 



FIs'. 1. — ^Wall of a coronarj' artery showing a thrombus in the lumen with massive peri* 
arterial exudate and thinning, resulting in destruction of the wall of the artery. (Magnifica- 
tion, xlOO ; hcmatox>din-cosin stain.) 


On April 9, 1944, the patient noticed a numbness and tingling in the ulnar distri- 
bution of the right forearm and hand. A marked weakness of the right arm was also 
noted. He stated that he was unable to raise his right or left arm. The patient had been 
losing weight rapidly and had been unable to rest , at night. Vitamin B, was given 
parenterally. 

On April 15, 1944, an enlarged, extremely tender node was found in the right axilla. 
Several small nodular masses were .noted along the lateral margin of the right tibia; these 
seemed to be attached to the vessel. The clinical diagnosis was changed to periarteritis 
nodosa. 

A nodule was removed and sent to the' Department of Pathology of the University of- 
Minnesota. The pathologist confirmed the diagnosis of periarteritis nodosa from the 
biopsied nodule. 

On April 25, 1944, weakness and numbness were noted in the left forearm and hand. 
There was progressive loss of weight. More nodules were noted in the left arm. Peni- 
cillin therapy was started by intravenous route and continued intramuscularly. On April 
30, 1944, the patient suddenly complained of a headache and could see only large objects; 
he became -comatose. The reflexes on the left side were diminished; the reflexes on the 
right side were exaggerated. The clinical impression was probable involvement of a ' 
cerebral vessel or uremia. The patient had several convulsive seizures and became very 
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cyanotic. Urinalysis was negative. The fluid intake was accomplished by administration 
of fluids intravenously. On May 2, 1944, little change was noted except an inability to 
respond to questions. On May 3, 1944, he seemed more alert, the vision was clearer, and 
he was able to recognize both objects and people.' About midday ho started to hiccup, 
cyanosis developed, the breathing ceased, the head dropped to the left, and the patient 
expired on the -fifty-eighth day of hoppitalization. 
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Fig. 3 — ^An arterj- in the kidney showing characteristic hyaline degeneration o£ tlic 
intima and a moderate amount o£ inflammatory exudate in the adv'entitia. (Slagniflcation, 
X150; hematoxylin-eosin stain.) 


NECROPSY FINDINGS 


Subconjunctival petechiae were present in the conjunctiva of the right eye. The peri- 
cardial sac contained an increased amount of fluid. The heart weighed 475 grams. There 
was left ventricular hypertrophy. The anterior descending branch of the left coronary 
artery was partially occluded in its proximal third by a thrombus (Pig. 1). The spleen 
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weighed 300 groBB, There rvee thrombosiB of the splemc vein. Multiple "" 

foufd in the spleen. An artery of the eutis, taken from the abdomiml «U, elojed 

of the intima ivith a ehamcteristie band of hyaline near the lumen, and eellnlar 

exudate throughout aU layers of the artery (Fig. 2). - . - • + 

Liver: Weight, 2,350 grams. Numerous small- aneurysms vrere found in e in ra* 

hepatic arteries. 



Fig. 4. — ^An artery in the pancreas showing Inflammation in the artery with exudate from 
lumen to adventitia. (Magnification, X65; hematoxylin-eosin stain.) 



Fig. 5.— A small arte^ showing massive per^rterial exudate and an organized thrombus in 
the intima. (Magnification, X150; hematoxylin-eosin stain.) 

Gastrointestinal tract: A superficial ulcer was found on the lesser curvature of the 
stomach. A small aneurysm was noted in the mesenteric artery supplying the jejunum. 

Kidneys: The right weighed 225 grams; the left weighed 250 grams. Both kidneys 
showed sunken areas on their surfaces. The centers were pale and the margins were 
hemorrhagic. There were subcapsular petecMae in both kidneys. Petechial hemorrhages 
nere present in the pelns of the right kidney (Pig. 3). An artery in the pancreas showed 
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inflammation with oxudato spread from the lumen through to the adyentitia (Hg. 4). A 
email artery showed massive periarterial exudate and an organized thrombus in the intimo 
(Fig. 5), Several enlarged periaortic lymph nodes in the region of the common duct wore 
found. Subperiosteal petochiao were found on the calvarium. 


COMMENT 

According to BelP periarteritis nodosa is an inflammatory lesion affecting 
the medium-sized and small arteries in Amrioiis parts of the body. The ana- 
tomic feature is the presence of the nodular thiclcenings of the arteries which 
represent small thrombosed aneurj^sms. Nodules are most easily observed on 
the coronary and mesenteric vessels ; usually they are only a few millimeters 
in diameter and appeal’ as firm, rounded, whitish masses, separated by seg- 
ments of normal artery. 

The initial lesion seems to be an injiny of the media with the formation 
of hyaline necrotic tissue. This is soon followed by cellular infiltration of the 
walls with mononuclear leucocytes, cosinophiles and polymorphonuclear leu- 
cocytes. The infiltrate fills the adventitia of the vessel and may spread into 
the surrounding tissue. The small vessels usually become thrombosed. A 
weakening of the wall leads to the formation of a small aneurysm which 
usually becomes thrombosed, but may rupture. Small infarcts found in the 
kidneys cause renal insufficiency. Preouent abdominal pain is probably due to 
a closure of a mesenteric vessel. According to BelP the cause of death may be 
uremia, hemorrhage, coronaiy thrombosis, or a ccrelu'al accident. 

LandiS' describes periarteritis nodosa as a form of panarteritis accom- 
panied by systemic sjnnptoms of infection with added regional symptoms, 
depending on the organs involved. The specific agent is unknonm, but sug- 
gested causes are streptococci, a filtrablc virus, or allergy. Landis described a 
typical ease with the onset being either insidious or violent with moderate 
fever, sweating, tachycardia, malaise, fleeting edema, progressive weakness, 
and accompanying diffuse, joint, nuxscular, or abdominal pain. There is 
secondary anemia with moderale to severe leucocytosis and, occasionally, con- 
.spicuous eosinophilia. The liver and spleen may be palpable. The muscles are 
usually atrophied and tender. The blood pressure may be elevated. In con- 
trast to thromboangiitis obliterans, the xdseernl arteries are more frequently 
affected than the peripheral arteries. 

Lichtman et al.^ state that the possibility of periarteritis nodosa should be 
considered in young adults who present a picture of a febrile, very debilitating 
disease that may have an occasional exacerbation, with pain in the abdomen 
and extremities, anemia, albuminuria and hematuria, peripheral neuritis, loss 
of weight and with subcutaneous nodules. 

The bizarre picture shoixld place one on' his guard, and by a process of 
elimination the diagnosis may be made. Many cases are featured by asthma 
and eosinophilia and signs of glomerular nephritis. These findings wei-e not 
present in the case being reported. It is with regret that nothing can be added ' 
to the therapy or the etiology of periarteritis nodosa. In the opinion of this 
reporter, the disease is more common than previously realized. 
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OOlVIPLETE A-V BLOCK IN A FETUS 

Case Report 

Captain Robert K. Plant, M.C., and I^Iajor Robert A. Steven, M.C. 

A WOMAN, aged 26 years, gravida i. Register No. 12187, rvas seen in the prenatal clinic 
at Torney General Hospital, Palm Springs, California, on Feb. 14, 1944, Her last 
menstrual period occui’red on June 12, 1943, making her expected date of confinement i 
Marcli 19, 3944. Her pregnancy had been uneventful except for slight spotting which had 
occurred at the time of the third and fifth missed menstrual periods. Tlie general physical 
and laboratory findings were essentially negative. The fundus extended 6 fingerbreadths 
above the umbilicus vrith the fetus in the left oeeipito-anterior position. The maternal 
heart rate was noted as 88 per minute, while the fetal lieart rate was noted as 60, regular, 
and not affected by pressure on the fundus. The patient was obser%'ed at approximately 
weekly intervals until term, and at each visit the fetal heart rate w'as found to vary 
between oO and 60 per minute. It was regular and not affected by pressure on the fundus. 
A flat roentgen film of the abdomen on March 3, 1944, disclosed no gross abnormalities 
of the fetus. 

A fetal electrocardiogram on March 10, 1944, showed the fetal rate to be 56 and the 
maternal rate to be 74 per minute. The deflections due to the fetal heart showed no 
variation from normal in the short strips obtained (Fig. 1). 

The patient delivered on March 20, 1944, after a fifty-nine-hour labor. Prolonged 
labor was due to primary atony of the uterus. During labor it was noted that the fetal 
heart rate remained between 50 and 60 per minute and was not afi’ected by labor pains. 
At birth, the cliild (Register No, 12242) was seen to be a well-developed male infant 
weighing 8 pounds BYt ounces and having a normal cry and respirations. The color was 
normal except for moderate cyanosis of the palms of the hands and the soles of the feet. 
This was not more severe than is often found in a new’born infant. An hour or two after 
birth the color of the nail beds was pink, and there was no cyanosis anywhere. The baby 
was not irritable or cross and breathing seemed easy and free. Examination of the in- 
fant’s heart revealed the point of maximum intensity to be just medial to the mid- 
clavicular line, but pulsation could be felt in the epigastrium giving the impression that 
there was some cardiac enlargement. The rate was 52 per minute and the rhythm was 
regular with no variation with respirations. The heart sounds were normal. There was 
a soft, blowing systolic murmur in the left second intercostal space, near the sternum, 
which was not transmitted and which was interpreted as a physiologic murmur. X-ray 
examination of the heart showed gross cardiac enlargement. An electrocardiogram taken 
about three hours after birth (Pig. 2) showmd complete A-V dissociation with a ventricular 
rate of 50 per minute and an auricular rate of 114 and marked right axis deviation. 

The baby’s weight droijped to 7 pounds 9 ounces on the third day of life and rose 
to 7 pounds 12 ounces about the sixth day of life. The baby did not nurse well. Pallor 
developed wliieh gradually became more marked. On the morning of March 26, 1944, the 
infant developed definite cyanosis, and the liver was felt 2 fingerbreadths below the costal 
margin. Cyanosis rapidly became more marked, and at 2:00 p.m. the infant expired. 

An electrocardiogram taken March 22, 1944, was identical with the first one except 
that the auricular rate had risen to 134 per minute, and a third tracing, taken on the day 
of death, showed an auricular rate of 150 per minute, with inversion of T, and T4 (Fig. 3). 

AUTOPSY REPORT 

The autopsy was performed by Lieutenant Colonel Hans P. Smetana. Our brief extract 
from his report follows, giving only the pertinent findings but including in toto the micro- 
scopic examination of the heart: 

The heart was grossly enlarged, weigliing 56 grams (normal, 20.6 grams) and had 
flattened the lungs, especially on the left, posteriorly and laterally against the rib cage. The 
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ductus artoriomis appeared closed. No septal defects were present and the -valves -ivero normal. 
The distribution of coronary vessels was normal. The pulmonary conus was quite large. 

The lungs showed extensive atelectasis and early bilateral bronchopneumonia. There 
was passive hyperemia of the spleen, liver, kidneys, and brain. The liver extended 4 cm. 
below the costal margin. There was some hemorrhage into the meninges and a small hema- 
toma in the galea aponcurotica in the occipital region, presumably due to forceps. 



I. 

Position. 1 


I. 

Position 2 


Flff. 1 .— Electrocardiogram taken March 10, 1944. 




Fig. 2, — Electrocardiogram taken March 20, 1944, 


Heart. — Section A: This is a cross section through the interventricular septum just 
beneath the membranous septum and includes parts of the walls of the right and loft ven- 
tricles. The endocardium of the septum facing the right ventricle is of normal thickness 







and STEVEN: COMPLETE *A-Y BLOCK IN FETUS - , / 

ahd showB po Purkinjo fibers ofi the bundle of His. f 

and. of the wall of the ventriolo are of normal size. .Their cross stnabons o 3 
made out. .The endocardium facing the left ventricle is thicher than that on the 
the borderline between it and the myocardium is somewhat irreplar. Halfway 
the endocardial surface and the myocardium are a few strands of muscle ibers^ ^ 
abundant fibrillae showing cross striations which are as definite as those of the fib r - 
the myocardium. These strands, however, are separated from the main myocardi^ 7- 
rather dense collagenous fibrous tissue. There is moderate congestion o t le 
of the myocardium especially in the left superficial layers of the septum and^ minu e emor 
rhages seem to have occurred. There is no inflammatory reaction. .The epicar lum 
remarkable. The vessels in the subepicardial fat tissue appear normal. FhospJiotungsUG acid 
stain: The subendocardial muscle fibers show a normal fibrillar arrangement ivith cross 
striations. Some of these fibers appear vacuolated. The fibrillar structure of the myocar la 
fibers appears normal. ' ' 










Fig. 3. — Electrocardiogram taken March 26, 1944. 


Section 13: This is a section through the prominence on the anterior surface of the 
heart and includes the interventricular septum. ISTo Purkinje fibers are recognized in the 
endocardium on either side of the septum. A few groups of muscle fibers beneath the endo- 
cardium facing the left ventricle are separated from the main myocardium by a fibrous band 
but the character of the fibers is not that usually encountered in the bundle of His. There 
is no inflammatory reaction. The peculiar and complicated character of the pulmonary conus 
is well brought out in' this section. The myocardum appears normal. The epicardium is 
normal. PJiospJioUmgstic acid stain: There is no significant difference in the structure of 
the myocardial fibers beneath the endocardium from those of the main m)’-ocardium. Best^s'. 
carmine stain: Ho glycogen-containing fibers are seen beneath the endocardium of. tiie inter- 
ventricular septum on eitlier side nor vdthin the main myocardium. 

Aorta.—TliQ aorta is normal. • ' 
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AUTOPSY SUMM^VRY 

At autopsy the roost outstanding tinding was a very large heart causing compression of 
both lungs with partial atelectasis, No gross etructuial defects wore noted in the heart 
and there were no congenital malformationf! except a large pulmonary conus. In order to 
bo able to demonstrate possible changes of the bundle of Hie the entire heart was fixed in 
formalin saturated with dextrose to preserve the glj’cogcn of the Purkinje fibers. Frozen 
sections as well as paralTm sections, taken from the septum of the ventricles, failed to 
show subendocardial fibers which can be identified as Purkinje fibers. Since there is no 
septal defect, the complete heart block is tentatively-attributed either to absence or faulty 
development of the bundle of His. The enlargement of the heart is considered to bo 
secondary to the slow heart rate resulting in anoxemia. 

Death is altribulcd to tho circulatory failure and partial atelectasis of the lungs 
complicated by early bronchopneumonia. The birth trauma of the brain, as demonstrated 
by tho meningeal hemorrhages and cellular infiltrations over the left occipital lobe, is 
perhaps a contributory factor. 

GOMilENT 

No diseus.'iiion of fetal electrocardiography is intended or neee.ssary here. 
There is a fairly extensive litcratui’c on this subject. Suffice it to comment that 
to date the only information to be gained from a fetal tracing is determination 
of the cardiac rate or, in the ease of multiple pregnancies, rates. This has 
been made practical largel 3 ' through the use of amplifiers. Tlie authors were 
using tlie Sanborn cardiette but were able to get onl^'- an amplification of 2.5 
times instead of the anticipated G limes; as a result the deflections were quite 
small but nevertheless clearly discernible. Lead I wires were used. Elec- 
trodes were placed in the epigastrium and the right lower quadrant for Position 
1. Several other positions were used but no deflections obtained. 

From tlie examinations of frozen and paraffin sections noted, it appeared 
that the cause of the block was an absence or imperfect development of the 
bundle of llis. Fuiflier studies were carried out by the Army Medical 
ifuseum. The letter from the Mu.seum, signed by Lieutenant Colonel Balduin 
Lucke, Deputy Curator to the Chief of Laboratory Service, Torney General 
Hospital, follows: 

“1. We are in agreement with^j'our findings in the interesting case of 
G.D.G., your gol, A.hl.Iil. Acc. 109014 Additional ])loeks were cut from the 
material submitted, and we haAm been unable to identify Avith any eertaint}’’ 
the fibers of the conduction system. We believe that the heart block conse- 
quently must be related to the maldevelopment of the conduction system.” 

To the authors’ knoAvledge, complete heart block lias not been recognized 
in utero before. The sIoav rate pins the failure of the rate to vary Avith uterine 
contractions led us to feel that we Avere dealing Avith complete A-V dissociation. 


ANNULUS PIBEOSUS CALCIFICATION OP THE ]\nTEAL VALVE 

Nathak BloojM, M.D., a2s*d Grace Oashon 
Eichmond, Va. 

C ALCIUIkl deposition in diseased heart valves may be demonstrated fre- 
quently in necropsy studies, but these deposits are usually overlooked 
clinically unless the heart is carefully examined roentgenographically. Sos- 
man^ discusses in detail a simple method of demonstrating the presence of 
calcific deposits 'within the heart by x-ray. He suggests a small fluoroscopic 
aperture and a screen of high intensity, using a 5-inch gap and 5 ma., to locate 
the calcified valves. The patient is rotated into a slight anterior right oblique 
position, about 15 to 20 degrees; then the examiner looks through the heart 
along the line of the auriculoventricular sulcus. This region can be identified 
by finding the auriculoventricular junction on the left border and searcliing 
obliquely across the heart shado'w do'v\mAvard and medially, 45 degrees from 
the horizontal from this point. In this position, both the aortic and mitral 
valve calcifications are best seen, but they are difficult to differentiate. If 
intracardiac calcification is found, the patient is rotated to the left anterior 
oblique position. In this position, the mitral valve is in the posterior third 
of the heart shado'w, ■while the aortic valve is in the mid-third. The valves 
will show up as dense irregular nodular masses, similar in appearance to calci- 
fied mesenteric glands, and they are darker shadows ■within the dark heart 
shadow. Eings of fibroelastic tissue at the roots of the cardiac valves, known 
as the aimuli fibrosi, may become calcified and appear as a solid mass, ha'^dng 
a J-shaped or U-shaped appearance. This is usually considered a senile change, 
associated mth other evidence of senility, such as Monckeberg’s sclerosis, 
arcus senilis, and calcified intervertebral discs. It is associated very seldom 
■v^dth organic heart disease. This particular case is presented because of the 
finding within the heart of a large calcified mass, apparent^ not associated 
■^vith any demonstrable e'^ddence of organic cardiac disease. 

CASE REPORT 

History . — A white man, aged 38 years, complained of indigestion for several years. In 
April, 1944, he was referred to Dr. Fred Hodges for a gastrointestinal x-ray study. This 
proved to be negative, but during the investigation a deposit of calcium was demonstrated 
•within the heart. The patient had never complained of any cardiorespiratory difficulty, but 
during a superficial examination in 1939, was told that he had a heart murmur. His child- 
hood had been uneventful except for frequent sore throat. There wns no history of rheumatic 
fever or any other unusual ailments. 

Physical Examin-ation . — The patient was tall and spare, weighing 116 poimds and ap- 
pearing much older than liis stated age. There was a right divergent squint and opacities 
were evident in both optic lenses. There wms moderate arteriosclerosis of the retinal 
vessels without hemorrhages or exudates. The patient had a marked kyphosis of the 
spine, involving the upper thoracic vertebrae. The lungs were clear. The blood pressure 
was 130/85 in both arms. The heart^was not enlarged. There was a short systolic nlurmur, 
heard best at the apex and transmitted to the left axilla. There was no thrill. The 
pulmonic second sound was slightly accentuated. The aortic sounds were normal. The 
abdomen was soft and no masses were palpated. The radial arteries were moderatelv 
thickened. The extremities and reflexes were negative. 

From the Department of Cardiolog^% Medical College of Virginia. 
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Laboratory Studies .- — The blood WaBSermann test was negative. There was no sugar or 
albumin in the urine. The red blood count was 4,300^000 per cubic millimeter; the hemo- 
globin was 85 per cent (Sahli). An electrocardiogram was considered within normal limits, 
and a stelhogram demonstrated a moderately intense systolic murmur at the apex. 

Fluoroscopy . — The lungs were clear; the heart was small and in the mid-position. The 
right border was straight. The pulmonic conus w'as not enlarged. A largo calcified mass 
was visible wdthin the heart in all positions. This mass was .situated along the margin 
of the left ventricle in the region of tho mitral valve. In the left oblique position the 
mass was more prominent, lying posteriori}' in a semilunar curve, 7 cm. in length and 
about G mm. in diameter. The mass moved within the heart at each pulsation. 



Fler. 1. Fiff- 2. 

Prm 1. — Calcincation of mitral annulus flbrosus. RoentgenoErram of chest, posteroanterior 
position. A small heart with straight right borders. Calcifled mass within the left ventricle. 

Pig. 2. — Calcification of mitral annulus flbrosuS. Roentgenogram of chest, left lateral 
position; calcified semilunar mass In posterior third of the heart shadow. 

DISCUSSION 

Intracardiac calcification is not rare. There have been many studies con- 
cerning calcification wdthin the heart, caused by arteriosclerosis or by super- 
imposed deposits of calcium on rheumatic valves. It has been emphasized that 
deposition of calcium on the valves is characteristic of rheumatic heart disease.^ 
It would seem wise to make a distinction between calcified valves and calcification 
of the annulus fibrosus. Tliis is a rather difScult problem, as the annuli fibrosi lie 
at the bases of the valves, but Sosman' has shown that, when a valve becomes 
calcifled, it appears as a group of small, irregular, nodular masses, but the 
annulus fibrosus calcification is a solid mass having a curved appearance. It is 
believed that in our case there is a calcified annulus fibrosus. The patient had 
generalized arteriosclerosis and bilateral cataracts and looked to be about 60 
years of age, although he was only 38. There was nothing in the history sug- 
gestive of old rheumatic heart disease. The murmur at the apex was not eon- 
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elusive, and the heart itself did not have the contours usually seen in mitral 
valve disease. The intracardiac calcification in this man was probably a degen- 
erative change due to premature senility. 

CONCLUSION 

Calcification within the heart may be demonstrated frequently by the 
fiuoroscope. Knowledge of the type of calcification and the area involved aids 
considerably in the clinical diagnosis. This ease is presented as one of calci- 
fication in the annulus fibrosus of the mitral valve. 

We wish to thank Drs. T. -N. Barnett and Pred M. Hodges for allowing us to report 
this case. 
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CONTUSION OP THE HEART 
A Case Report 


jiLvjoR Lewis K. Reed, M.C., and Captain Knute E. Berger, M.C. 

T he follotving ease of cardiac trauma due to a blow on the chest is of 
interest because it is possible to estimate the force producing the injury 
and to follow the electrocardiographic changes from shortly after the accident 
imtil complete recovery. 

CASE REPORT 


Present Illness . — The patient was a white aircraft mechanic, aged 26 years. At 4:30 
P.M. on Dec. 11, 1943, he was helping four other men attach the trailer arm of a fully loaded, 
2,000 gallon gasoline trailer to a tug. In lifting the arm above the horizontal to attach 
it to the pintle hook of the tug, the forward dolly to which the trailer arm was attached 
suddenly rotated, and the arm snapped upward, pinning the patient between the trailer 
arm and the bottom of the gas tank (Fig. 1). The patient cried out, became red in the 
face, and lapsed into unconsciousness. It required the concerted efforts of five men pulling 
down on the end of the trailer arm to lower it and release the patient. He was impinged 
for somewhat less than one minute and remained unconscious for about one and one-half 
minutes after release.* On admission to the hospital thirty minutes after the accident, 
the patient complained of weakness and steady precordial pain which did not radiate to 
the neck or arms. 


Physical Examination . — The patient was a slender white man, 69 inches in height and 
178 pounds in weight. On admission he was pale and moderately dyspneic but not cyanotic. 
His neck veins showed no distention, the trachea was in the midline. Lungs: The expansion 
was equal; there was no abnormality of percussion or auscultation. The respiratory rate 
was 30 per minute. Heart: No visible or palpable increase of precordial activity could be 
observed. The cardiac apex was 7.5 cm. to the left of the midstemal line in the sixth inter- 
costal space. The right border was at the right sternal margin. The heart sounds were well 
heard and there were no murmurs audible. The rhythm was completely irregular. The apical 
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•Prom weight and measurement data obtained on the trailer, calculations were made bv 
a mechanical engineer indicating Uiat the trailer arm. In Its sudden upward swing delivered ' 
an estimated for^ of approximately 2,000 pounds. This force was expended on the patient's 
Siderahlrt. ^ fleece-lined, leather flying jacket over the usS fatigue iSifora 2nd 
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rate was 128 and tlie radial pulse was ■ 88 per minute. The - blood pressure \vas 110/60. 
Abdomen: 2T%ative. . . ■ 

The clinical impression on admission was cardiac contusion with auricular fibrillation. 
The patient was given % grain of morpliine 'Sulfate and placed on strict bed rest. The first 
electrocardiogram (Fig. 2) was taken about two hours after the injurj'. Koentgenograms of 
the chest the morning following the injury showed an apical pneumothorax representing about 
3 per cent collapse of the right lung; the cardiac silhouette was normal; a flat roentgenographic 
film of the abdomen was negative. 



Fig. 1. — Illustration of manner in which the soldier was pinned between 2,000-gallon gasoline 

trailer and connector-tongue to tractor. 






' Fig. 2. — Electrocardiogram taken about four hours after injurj-. • The variation in siz( 
of ventricular complexes indicates that auricular flbrillation is just ceasing or about to begin 
(Lead i).^“ occasional ventricular premature beat, probably arising in the left ventrich 
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Past Sistory .- — ^The patient had alvrays heen healthy, having had the usual mild, 
childhood diseases. He denied rheumatic fever, scarlet fever, renal or venereal disease 
and had always had good exercise tolerance with no cardiorespiratory symptoms. On the 
day preceding the accident he had undergone a complete, routine physical examination to 
determine his litness for overseas duty. The pertinent findings at that time were: “Heart, 
normal; blood pressure, ISO/Sl; pulse, sitting, SO; pulse, immediately after exercise, 100; 
.character of pulse, normal; arteries, normal; blood Kalin test, negative; urinalysis, normal.” 

Sospital Course . — Clinical evidence of arrhythmia ceased about seven and one-half 
hours after admission. Serial electrocardiograms are shown in Pig- 3, tlie first of which 
(o) was taken about 9 A.ir. the morning following the accident. On that day he had mild 
substemal pain, without exertion, and some difficulty in swallovring solid food. The heart 
sounds were well heard, the rfijilim was regular, and the pulse was 90 with no deficit. During 
the first two daj’s folloiving the injury his temperature ranged from 99° to 99.6° P. after 
which time he remained afebrile during the entire convalescence. On the tliird day he 
developed some soreness on swallowing which he localized to the insertion of the right 
■ sternocleidomastoid muscle. Examination of the chest revealed a friction rub on deep 
inspiration along the upper portion of the right sternal border. This had disappeared on 
the following day, but he continued to have a pleuritic pain in the’ right side of the chest 
anteriorly. By the sixth hospital day he was clinically well. X-ray films at this time 
showed that the pneumothorax had disappeared. Throughout the convalescence the 
blood pressure ranged from 100 to 116, systolic, and 60 to 70, diastolic. There was never 
a significant difference in blood pressure between the two arms. On the day following 
admission the leucocyte count w'as 10,150 per cubic millimeter, vsdth 62 per cent neutro- 
philes. Prequent counts thereafter revealed a rapid return to normal. Sedimentation 
rates done on the third, seventh, and nineteenth hospital days were 48, 38, and 10 mm. 
per hour, respectively. All urine specimens were normal. 

The patient was kept in bed for four weeks. Despite orders, he got out of bed on the 
fourteenth and sixteenth hospital days. At these times he developed moderate palpitation but 
no pain or dyspnea. On the seventeenth hospital day he volunteered symptoms suggesting 
extrasystoles, and clinical examination proved the presence of this condition. It will be 
noted in Pig. 3 that in each instance when the patient was moved in a wheelchair to the 
electrocardiographic laboratory the record shows evidence of a mild degree of strain. 

Poliowing four weeks of bed rest the patient was up progressively with restriction of 
activity and was given a graded convalescent program with increasing exercise for a 
period of five weeks. During this period he occasionally complained of brief periods 
when his heart “seemed to skip a beat”; these were apparently not related to physical 
activity. During the latter five weeks, in the hospital no examiner was able to find any 
irregularity at the times of examination. 

Ee-examinations at three and four months after the injury were completed and were 
entirely negativ'e. The patient was able to do full duty without complaint. 

COMMENT 

Kahn and Kahn^ pointed out, in 1929, that the position of the heart directly 
behind the sternum and adjacent cartilages exposes it to injury from non- 
penetrating trauma to the adjacent chest wall. They showed that cardiac 
, arrhythmias, heart block, and even rupture of heart valves could occur in the 
absence of external injury to the chest. Bilderbeck^ reported a rupture of the 
right auricle immediately due to a blow on the chest without any e\ddence of 
injury* to the thorax. Bright and Beck’ showed that patients vnth cardiac con- 
tusion may die of cardiac rupture, especially during the second -week after 
injury when myomalacia exists. Beck^ pointed out that cardiac rupture is a 
rare complication of cardiac contusion and that the heart muscle can tolerate 
an excessive amount of trauma as demonstrated in dog experiments. ]\Ioritz 
and Atkins® traumatized dog hearts and demonstrated, following contusion, 
single or multiple areas of focal hemorrhagic necrosis in the myocardium 
either at, or remote from, the site of trauma. This focal necrosis gives way 
to the formation of myocardial scars. Beck pointed out that, in the absence 


626 


AMERICAN HEART JOURNAL 


of rapture, eases of cardiac contusion in general should be treated in the same 
manner as coronary thrombosis. 

Many eases of direct and indii'ect cardiac trauma have been reported in 
the literature, but the protocols universally lack data as to the exact force 
applied and usually are wanting of electrocardiographic tracings taken im- 
mediately after the trauma, and complete histories and physical examinations 
prior to the injury are not given. In the ease herein described the established 
2,000 pounds’ striking foi’ce applied to the patient’s chest may seem dispro- 
portionate to the injury received. Undoubtedly a portion of this force was 
dissipated by the heavy fleece-lined jacket which he was wearing. Further- 
more the force was distributed over the entire flat surface of the chest an- 
teriorly and posteriorly. The resiliencj’- of the chest wall in a person of this 
age further tends to dissipate the force of such an injury as was herein described. 

CONCLUSION 

» 

1. Tliis ease study confirms the work of other authors in proving, beyond 
doubt, that the heart ma}' be injured by external trauma without evidence of 
injury to the chest wall. 

2. This case demonstrates that a force which would ordinarily be considered 
lethal when applied directly to the chest, can be survived. 

3. This study confiims the accepted treatment of cardiac contusion, namelj’’ 
the treatment of coronarj’- occlusion. 

REFERENCES 

1. Kahn, M. H., and Kalm, Samuel: Cardiovascular Lesions Follou'ing Injury to the 

Chest, Ann. Int. Med. 2: 1013, 1929. 

2. Bilderbeek, A. C. L.: Traumatic Eupturo of the Heart Without Fracture or ID.vternal 

Lesions, Brit. M. J. 1: 075, 1919. 

3. Bright, E. P., and Beck, C. S.: Non-Penetrating Wounds of the Heart, Am. HEiU?T J. 

10: 293, 1935, 

4. Beck, Claude S.: Contusions of the Heart, J. A. M. A. 104: 109, 1935. 

5. Moritz, A, E., and Atkins, J. P.: Cardiac Contusion, Experimental and Pathologic 

Study, Arch, Path. 25: 445, 1938. 

6. Beck, Claude S.: Surgery of the Heart and Pericordium; A Textbook of Surgery, 

Boston, 1942, The Christopher Publishing House, pp, 1014-1015, 



Abstracts and Reviews 


Selected Abstracts 


Hoffmann, F., Hoffmann, E. J., Middleton, S., and Talesnik, J.: Tlie Stimulating Effect 
of Acetylcholine on the Mammalian Heart and the Liberation of an Epinephrine-like 
Substance by the Isolated Heart. Am. J. Ph 3 'siol. 144; 189, 1945. 

The injection of acetj’lcholine into the isolated atropinized hearts of dogs, eats, rabbits, 
and guinea pigs regularlj* causes an cpineplirine-like effect, i.e., an increase of heart rate 
and amplitude, as "well as a change of blood flow in the coronary vessels. 

Tho positive ino- and chronotropic effects of acetylcholine arc abolished by ergotamine, 
bj’ curare, and by nicotine. 

The pharmacological cliaraeteristics of tho stimulating action of acetylcholine on the 
heart enables us to designate it as “nicotine-like.” 

In the perfusate of the isolated heart, it is possible to identify’ the presence of an 
epinephrine-liko substance liberated when acetylcholine or nicotine is injected into the heart. 
Under the stimulus of these dings the pei^usate acquires an activitj’' which can be demon- 
strated bj' its positive inotropic - action on the hypodjmamic frog heart and by a relaxing 
effect on the rectal cecum of the fowl and on the small intestine of the rabbit. 

Authors. 

Lawson, H., and Behm, W. S.: The Effect of Hemorrhage and Beplacement on the Ap- 
parent Volume of Plasma and Cells. Am. J. Phy.siol. 144: 199, 1945. 

No evidence was obtained for an increase in tlie rate of disappearance of the d3’e.T-lS24 
during almost complete exsanguination or in the four-hour period following reinjection of 
blood, in experiments on barbitalized dogs. Indirect measurement of circulating plasma 
volume during exsanguination therefore seems legitimate. Such measurements indicated 
that fluid was added to plasma at the mean rate of 0.154 ± 0.0ll4 c.c. per kilogram per min- 
ute when blood was drawn at the rate of 2 c.c. per kilogram per minute until mean arterial 
pressure fell below 20 mm. of mercur}'. When the animals were kept alive by reinjection of 
blood and were bled to death at the same rate four hours later, the rate of plasma replenish- 
ment during the second bleeding was only 0.088 ± 0.0119 c.c. per kilogram per minute. The 
rate of addition of fluid to plasma was usually increased at the time when arterial pressure 
began to decline steeply during the bleeding. 

Evidence was obtained that the circulating cell volume is overestimated bj’ an average 
■of about 29 per cent if it is calculated from the plasma volume and the hematocrit in drawn 
blood. When measured b.y this method, the gain in circulating cells following injection was 
about 29 per cent greater than the volume injected; and the loss during bleeding was about 
29 per cent greater than the volume withdrawn. The percentage error shras to remain fairly- 
constant throughout all stages of exsanguination. The error appears in most cases to be com- 
plete!}' masked during the flrst bleeding in our experiments, presumably by expulsion of cells 
from the cell reservoirs. 

Authors. 

Black, W. A., and Karpovich, P. V.: Effect of Exercise Upon the Erythrocyte Sedimenta- 
tion Kate, Am. J. Physiol. 144: 224, 1945. 

■ 1. Fifty aviation cadets, convale-scing from upper' re.spiratory infection, were given 

five minutes of stremmus exercise (the Harvard step-up test). 

2. Blood samples were taken immediately before exercise, and half an hour, five hours, 
and. twenty-four hours after exercise. The erythrocyte sedimentation rate was determiifed 
by the Westergren method. 

3. Five minutes of strenuous exercise caused a variable effect upon the individual 
sedimentation rate. However, in the group tested there was a statistically significant increase 
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in erytlirocyte sedimentation rates five hours after exercise but no significant change either 
half an hour or twenty-four liours after exercise. This indicates that the change is not lasting. 

4. Post-exercise ' observations in no case showed any clinical manifestations of ill effects. 

5. Data on thirty-nine subjects showed that there was no relation between the erythro- 
cyte sedimentation rate before exercise and the score obtained on the Harvard step-up test 
(r = -0.15). 

6. The contradictions regarding the effect of exorcise upon the erythrocyte sedimenta- 

tion rate found in the literature may be explained by tho difference in the intensity of 
exercises and in tho time of taking the blood samples. Authors. 

Lepera, Ii., and Pataro, P. A.: Normal Mean Zone of Values of the Precordial QRS in 

Normal Subjects, Eev. argent, de cnrdiol. 12: 26, 1945. 

In 100 normal persons a study was made of the mean value and the standard deviation 
of the QRS duration and of the voltage of its waves in precordial leads CFj to CF„ arriving 
at the following conclusions: 

The greatest mean value of QRS duration was 0.088 seconds in lead CP. the normal range 
being from 0.078 to 0.093 seconds. 

Tho greatest mean value of Q resulted in CP, (1.3 mm.), the normal range being from- 
0.1 to 2.5 millimeters. 

It was also in lead CP, where the greatest mean value of E voltage (12 mm.) was ob- 
served with normal limits between 6 and 18 millimeters. 

Concerning tho deepness of S its greatest mean value was observed in CP, (20.9 mm.), 
the normal values ranging from 15.8 to 26 millimeters. 

In all cases the normal values were calculated on the basis of the mean value and the 
standard deviation. The wide variations of the latter are discussed. Authors. 

Schill, E.: Sinus Extrasystole With Consecutive Dlsttirbance of Conduction in the Total 

Conduction System, Cardiologia 6: 271, 1942. 

Description and analysis of a case in which, in consequence of sinus extra systoles, 
a disturbance of tho stimulus conduction between sinus and auricle as also between auricle 
and ventricle, corresponding the Wenckebach period, was observed. Tho deviation of the atrio- 
ventricular conduction periods from the known Wenckebach periods is caused by the e.xtra 
auricle waves, which occur in ever shorter periods, a condition which is to -be explained by the 
oft repeated demands and com^equent deterioration of conduction between sinus and auricle 
in the sense of the Wenckebach periods. In other words, the functional disturbance of two 
functionally and spatially coordinated parts of -the stimulus conduction system does not re- 
veal itself spontaneously and independently, whereby the disturbance of the upper situated 
part of the phenomena influences tho functional disturbances of tho lower situated part. In 
consequence of the increased number of extra systoles in a short time and the consequent 
greater demands, tho intraventricular condition was also disturbed. Pundamental for the 
phenomena described is the not intact, only by low frequence normally functioning stimulus 
condition system. Tho cause of the trouble in the stimulus conduction system is tuiknown, 
most probable in sclerosis of the corresponding arteiy. Author. 

SapMr, 0.: Laryngeal Edema, Myocarditis and Unexpected Death, Am. J. M. Sc. 210: 296, 

1945. 

Pive children who rapidly developed symptoms of upper respiratory obstruction and 
succumbed quickly, despite tracheotomy, are recorded. Autopsies disclosed severe laryngeal 
edema, edema of the epiglottis and subglottic area, and acute myocarditis. The edema is 
interpreted as an early stage of so-called laryngotracheobronchitis. The unexpected death 
was probably caused by myocarditis. If the attending physician in future instances is aware 
of this complication, supportive measures might forestall the fatal outcome. Author. 

Moguel, E. B.: BHstologic Structure of the Valvular Endocardium, Arch. Inst, cardiol. 

Mexico 15: 113, 1945. 

A study of the cardiac valves in the normal adult was undertaken, in which aniline 
techniques were used to stain the elastic fibers and argentic impregnation of the precoUagen 
structure; this resulted' in the discovery of the following unpublished data. 

All cardiac valves, beneath the endothelium, have a layer of extremely thin, rectilinear 
filaments of precollagen, slightly or not at all ramified, usually running in a single direction 



SELECTED ABSTRACrrS 


629 


that form something similar to a basal membrane that offers support to thick elastic nets. 

The spongiosa contains flexuous filaments that have a tendency to form ringlets and are 
slightly acidophilous ; they must be considered as formed by a substance with characteristics 
intermediate between precollagen and collagen. This spongiosa, in all appearances, constitutes 
the most actire component 6f the cardiac Talves. 

The fibrosa constitutes the skeleton of the valvular membranes and is made up in its 
entirety of very thick and rigid fasces of collagen. 

The basal membrane reaches a greater development in the auriculoventricular valves than 
in the sigmoids and is reinforced by filaments of considerable thickness that lie athwart them. 
The subendothelium also has a reinforcement consisting of rigid strands of precollagen inter- 
mingled with elastic nets. 

The spongiosa of the atrioventricular valves is polymorphous: near the base of implanta-- 
tion it has features which resemble those of the basal membrane, whereas toward the center 
the precollagenous filaments present soft undulations and tend to run in a single direction so 
as to reach the free edge in the form of long regularly fiexuous and very lax curls; further- 
more, the spongiosa of the auriculoventricular valves contains many anastomosed cells with 
a polyblastic capacity. 

The fibrosa of the atrioventricular valves differs from that of the sigmoids due to its 
heterogeneous nature. At the base of implantation the faces of collagen are dense and run in 
a single direction, whereas around the free edge the bundles intercross, frequently dissociating, 
all of which forms lax spaces in the zones comprised among the tendinous insertions. 

ITo great variations are specified in the filamentous structure of the cardiac valves because 
those encountered do not present sufficient regularity and one has the impression that many 
of them may be pathologic. 

All the fine argentophile fibers, especially tlie flexuous and slightly acidophilic ones 
of the spongiosa, are .susceptible of transformation during inflammatory processes into thick, 
retractile, collagenous bundles. They are responsible for the main deformities found in 
abnormal valves. 

Some of the elastic fibers of the cardiac valves, notably the finer ones, may under certain 
circumstances, take a silver stain; it is possible that such argentophilia may denote a morpho- 
genetic relationship between these elastic fibers and the preeoflagenous structure. 

Author. 

Berconsky, I., and Cossio, P,: Pain in Epistenocardia Pericarditis, Kev. argent, do cardiol. 

12: 1, 1945. 

Based in clinical experience the autliors claim that the epistenocardial pericarditis (post- 
infarction pericarditis) may account for the painful episode (acute or dull pain) which 
occurs sometimes one or two days after myocardial infarct. 

This painful episode has its o^vn qualitative and occasional peculiarities; for instance, 
its exacerbation by a deep inspiration, a circumstance wliich allows the prediction of friction 
rubs and eliminates the possibility of new infarctions. The authors recommend its control 
until amidopyrine or acetylsalicylic acid rather than morphine, unless the pain becomes in- 
tolerable. The characteristics of the pain and its diagnostic and therapeutical importance are 
made objective by a short account of three personal observations. Authors. 

Watson, R. F., Rothbard, S., and Swift, H. F.: The Relationship of Postscarlatinal Arthritis 

and Carditis to Rheumatic Fever, J. A. M. A. 128: 1145, 1945. 

The purulent complications and nonpurulent sequelae which occurred among 110 cases 
of scarlet fever in young adults who were intensively studied were analyzed. Group A 
streptococci, representing at least thirteen different tj'pes, were recovered on culture of the 
nasopharynges of 109 patients and a group C strain from the remaining one. Antistreptolysin 
0 and antiftbrinolysin titrations were made with the serums and plasmas, respectively, for aU 
patients at weekly intervals. 

Sixty-three patients had uncomplicated infections and made imeventful recoveries; 
twenty-nine suffered purulent complications; and twenty-two, including four who also had 
purulent complications, developed pronounced and unequivocal electrocardiograpliic abnormali- 
ties comparable u-ith those seen in patients with active rheumatic carditis. Three of these 
twenty-two patients developed abnormal electrocardiograms during their acute streptococcic 
infection and the other nineteen during postscarlatinal convalescence. It is this latter group 
of nineteen patients who arc of particular interest in tliis study. 
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Eight of llio nineteen patients who developed electrocardiographic abnormalities during 
postscarlatinal convalescence had definite clinical attacks of rheumatic foyer of varying 
severity. Four others differed from these eight in that their rheumatic-like manifestations 
were milder and'moro transitory. The remaining seven during a comparable period in their 
convalescence developed similar electrocardiographic abnormalities without other symptoms of 
rheiunatic fever, although several had brief secondary rises in temperature, leucocyte count 
or erythrocyte sedimentation rate. Tlie difference between these three groups of patients is 
quantitative rather than qualitative, and wc believe that all suffered from the same funda- 
mental ti.ssne injury following their streptococcic infection; namely, that characteristic of 
rlieumatic fever. A'DTHOR.S. 

Martlarena, L. H.: Secondary Tumor of the Heart Diagnosed at Operation, Ecv. argent. 

de Cardiol. 12: 13, 1945. 

A case is reported of secondary heart tumor with clinical signs of cardiac involvement 
which was diagnosed as a constrictive pericarditis. Eoentgen-ray examination of the lungs 
did not show parenchymatous alterations; nevertheless in the operation a tumor of bronchial 
origin was found, which was hidden by a shadow of right pleural effusion. In the operation 
the strong adhesions found between lung and diaphragm prevented the liberation of the heart. 
Post-mortem examination showed a tumor of the right lung that had invaded secondarily the 
right and part of the left auricle, which was recognized as an epithelioma of bronchial origin. 

Author. 

Herztein, J., and Weinroth, L. A. ; Arteriosclerotic Peripheral Vascular Disease in Diabetes, 

Arch. Int. Med. 76; 34, 1945. 

Confirming the work of others, our observations indicate that an apparently selective 
and frequently premature arteriosclerosis occurs in the peripheral vessels of the lower extremi- 
ties in diabetic patients. 

The increased incidence of arteriosclerosis in diabetic patients, irrespective of the 
usually accepted factors which determine arteriosclerosis in nondiabetic persons, may indicate 
a metabolic origin or imply an acceleration of the proce.'-s by some metabolic factor. From the 
statistical standpoint of our study, the relationship between such factors and peripheral 
vascular disease is not made evident. 

The presence of cholesterol deposits in the arteriosclerotic lesion and tho li^qier- 
cholesterolemia of patients with neglected or poorly controlled diabetes suggest a linkage 
between the two disorders. However, no such connection has so far been unequivocally estab- 
lished. It docs not, of course, follow that in the treatment of diabetes such factors as con- 
trol of weight and hjqicrtcnsion can be ignored or that suitable dietary and insulin regimens 
can be neglected. Authors. 

Gregory, E,, Ewing, P. L., Levin, W. 0., and Boss, G. T.: Studies on Hypertension, Arch. 

Int. Sled, 76: 11, 1945. 

Tho vasoconstrictor effect of angiotonin can be detected in perfusions of whole pithed 

frogs. 

Angiotonin may be ultrafiltrated and detected in blood plasma ultrafiltrates by this 
method of bioassay. 

Angiotonin may be demonstrated in the ultrafiltrates of plasma from patients whose 
blood pressures have been elevated by intravenous injections of angiotonin. 

Ultrafiltrates of blood plasma from normal and from hypertensive patients contain an 
almost identical amount of vasoconstrictor substance or substances. 

Ultrafiltrates of blood plasma from patients made transiently hj-pertensive by angiotonin 
contain a much greater amount of vasoconstrictor substance than ultrafiltrates of plasma ffrora 
hj-pertensive patients whose blood pressures are much liigher. 

Plotted curves of vasoconstrictor effects of ultrafiltrates of plasma from normotensive 
and from hjpertensivo persons are identical and differ greatly in character from curves of 
vasoconstrictor effects of angiotonin in frog Ringer solution or in ultrafiltrates of blood plasma 
to wMch angiotonin has been added. 

Angiotonin is not present in increased amounts in the blood of patients with essential 
hypertension of long duration. 

In essential hypertension of long duration, the elevation of blood pressure is not due 
to increased production of angiotonin. Essential hjpertension is probably not caused by an 
increased production of angiotonin. AUTHORS. 
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Gross, E. E.: Arterial Embolism and Thromltosis in Infancy, Am. J. Dis. Child 70: 61, 

.1945. 

A study was made of fortj'-seven patients, including six of my onui, who had arterial 
thrombosis or embolism in early life, principally in the neonatal period. The origin of the 
occlusion was often obscure, but in some cases it was apparently caused by trauma, infection, 
embolism from aseptic cardiac vegetations or abnormal clotting in the presence of poly- 
cythemia. I should particularly like to draw attention to two additional mechanisms whereby 
, sirterial vascular accidents can be produced in babies. With the first, the thrombosis of the 
umbilical arteries extends beyond the expected normal range so that the clot extended into the 
pelvic arteries or into the lower portion of the aorta. With the second, a closing ductus 

arteriosus may be the seat of thrombus formation, from which emboli can be thrown off into 

the pulmonary or the peripheral circuit. 

In infants, arterial obstruction was found in the brain, the kidneys, the mesentery, 
the lungs, the arms, and, especially the legs. The prognosis for many of these subjects is 
serious: One-half of the patients in the series died. Fatalities wliich are secondary to 
cardiac disorders will probably always be unavoidable, but death from secondary sepsis can 
often be prevented by adequate care of an affected limb, by use of sulfonamide compounds 
and penicillin, and by amputation when necessary. 

It is important to note that ischemia of an extremity does not necessarily mean that 
the part will die or that early amputation will be required. Occlusion of a large artery 

may at first seem incompatible with survival of the limb, but experience has shown that the 

collateral vessels of a baby have an extraordinary capacity for maintaining the blood flow. 
Hence, amputation should be deferred as long as is expedient; secondary infection should be 
carefully prevented, and every effort should be made to augment the impaired circulation. 
If an ischemic limb can be tided over its period of initial insult, there is a fairly good chance 
that it will survive and will regain satisfactory function. • Author. 

Selzer, A.: Circulation in Acute Myocardial Infarction, Arch. Int. Med. 76: 51, 1945. 

Forty-five unselected patients with acute myocardial infarction were studied by 
serial determination of the arm-to-tongue circulation time and twenty-two of them also by 
serial determinations of wtal capacity. The results were correlated with the clinical observa- 
tions and with the course of the disease. 

In all but three patients the initial readings of the circulation time were above nor- 
mal, the average value for the series being 24.3 seconds (normal 13 seconds). In twenty-four 
of the thirty-two patients who recovered clinically there was a significant decrease in the 
circulation time on subsequent readings. 

Prolonged circulation time indicating left ventricular failure was found most definitely 
in patients with clinical evidence of cardiac insufliciency (nineteen patients with an average 
value of 2S seconds) ; however, in patients who were entirely asymptomatic e.xcept for pain, 
there was still a definite delay, indicating latent left ventricular failure (twenty-six patients 
with an average of 21.4 seconds). 

Determinations of circulation time are of practical value and are thought to be worth 
while as a routine procedure in myocardial infarction (a) as an acid in diagnosis by helping 
to differentiate it from other conditions associated with pain in the chest and (b) in evaluating 
the progress of circulatory readjustment after an infarction by means of repeated determina- 
tions of circulation time. Author. 

Taylor, H. L., Erickson, L., Henschel, A., and Keys, A.: The Effect of Bed Eest on the 

Blood Volume of Normal Young Men, Am. J. Physiol. 144: 227, 1945. 

1. The effect of three weeks of complete bed rest on the blood volume and its com- 
ponent parts has been studied in six experiments on five normal young men. In four men, 
studies were carried out during the course of reconditioning. In addition, one of these men 
was studied before and after the surgical repair of an inguinal hernia. 

2. An average loss in blood volume of 572 ml., or 9.3 per cent, occurred during the period 
of bed^ rest. This was almost entirely accounted for by a contraction of the plasma volume 
of 518 ml., or 15.5 per cent. 

3. The first week of reconditioning resulted in an increase in plasma volume to prebed 
rest levels but was accompa,nied by an apparent loss' of red cells so that the average increase 
of^ blood volume was only 235 ml. The subsequent apparent increase in blood volume to the 
original level was due entirely to an increase in red blood cells. 



632 


AMERICAN HEART JOURNAL 


4. The blood volume change after the surgical repair of an inguinal hernia and three 
Tveeks’ bed rest in one man did not differ significantly from the changes observed in the 
same man after simple bed rest alone. 

5. Correlations between blood volume changes and various indices of deterioration of 

cardiovascular function are discussed. Authors. 

Moia, B.: Treatment of Night Cramps and the So-Called Vasomotor Neurosis of the Ex- 
tremities With Quinine, Eev. argent, de cardiol. 11: 37C, 1945. 

The syndrome described by Nothnagcl as angina pectoris vasomotoria is described 
showing that it has nothing in common uith angina pectoris and that it is only a clinical 
form of the so-called vasomotor neurosis. Con.sidcring the many points of contact between 
this syndrome and the night cramps of the extremities the author treated it with quinine. 

As previously recommended for the latter, the author administered 0.20 Gm. of quinine 
sulphate per os, at night, before bedtime, to thirty women between 3S and 59 years of age. 
In all these cases vasodilator drugs and other treatments, including those which improved 
coexistent hypertropliic arthritis, had been ineffective. 

Great improvement was obtained in 70.3 per cent of cases. After udthdrawal of the 
drug, improvement persisted until about twenty days; on recurrence of symptoms the re- 
administration of quinine was again effective. 

The etiopathogenic relations between the vasomotor neurosis of the extremities and the 
night cramps are discussed as well as the mechanism of action of quinine. Author. 

Holzmann, M., and SpuMer, 0.: Infarct Electrocardiogram and Veronal Poisoning, 

Cardiologia 6: 225, 1942. 

In a case of old posterior *n’all infarct, the appearance of an electrocardiogram of the 
early stage type was observed during veronal poisoning, without new infarction. This shows 
that this electrocardiograph type, in the ca.«e of localized coronary circulatory disturbance, 
may be produced not only by overwork by a blood pressure crisis or by an acute ischemia, but 
also by acute toxic cellular metabolic disturbance. Authors. 

Murphy, G. E.; Salicylate and Bheumatic Activity, Bull. Johns Hopkins Hosp. 127: 1, 

1945. 

An objective study of the clinical course and histologic character of rheumatic lesions 
in twelve actively rheumatic patients treated with large doses of salicylate was carried out. 
In six patients the size of involved joints and in six patients size and skin temperature of 
involved joints were followed by direct measurement in an attempt to determine thh effect of 
salicylate upon the local rheumatic inflammation. The results in this small series of cases 
do not support the widely accepted view that salicylate promotes the subsidence of the rheu- 
matic joint inflammation. In several of these patients characteristic rheumatic lesions de- 
veloped in a variety of sites during the course of salicylate therapy. In two cases tendon 
sheath nodules developed; with another case a tenosynovitis developed ufth the serum salicyl 
level between 300 and 450 gammas per cubic centimeter, respectively. In another case the 
tenosynovitis developed with the serum salicyl level between 350 and 265 gammas per cubic 
centimeter. A florid rheumatic pneumonitis appeared to develop in a fatal case with the serum 
salicyl level above 300 gammas per cubic centimeter, another strilring finding at autopsy in 
this case being fresh fibrin thrombi in capillaries of practically every glomerulus in sections 
of both kidneys. In a fifth patient an episcleral nodule developed with the serum salicyl 
level between 450 and 600 gammas per cubic centimeter. The histology of these lesions is 
Ulnstrated and described. A review of the literature pertaining to episcleral and scleral 
lesions developing in the course of active rheumatic fever and evidence for considering the 
episcleral lesion in the present studies of rheumatic nature are presented. In a sixth patient 
joint rheumatic activity became manifest for the first time during the course of heavy 
salicylate therapy (after fifteen days of large doses of salicylate) associated with electro- 
cardiographic evidence of increased cardiac rheumatic activity. Author, 

Eich, A. B,: Hypersensitivity to Iodine as a Cause of Periarteritis Nodosa, Bull. Johns 
Hopkins Hosp. 77: 43, 1945, 

Previous studies have demonstrated that anaphylactic hypersensitivity to foreign serum 
and to sulfonamides can cause periarteritis nodosa. The present report adds iodine to the - 



SELECTED ABSTRACTS 


633 


sensitizing substances that can cause tliis destructive vascular lesion, and emphasizes that 
substances of widely different chemical nature have this potentiality, depending upon their 
ability to induce the state of anaphylactic hypersensitivity. AUTHOR. 

Wedd, A- M., and Blair, H. A.: The Effect of Barium Chloride on the Heart, J. Lab. & 
CHn. Med. 30: 765, 1945. 

The effect of barium chloride on the whole auricle and on strips of ventricle of the turtle 
heart has been studied. The principal action of the drug was to increase rhythmicity. This 
effect was more marked when the rate of beating was relatively low, and also when the tissue 
had been removed from the animal for twenty-four or more hours. Contractility was usually 
depressed. The influence on excitability, measured by the Q-T of the electrogram, and on 
muscle fiber conduction was slight. Authors. 

« 

Steinberg, F., and Jensen, J.: On the TJse of Theophylline -Aminoisobutanol in Angina 
Pectoris, J. Lab. & Clin. Med. 30: 769, 1945. 

There is no significant absence of attacks of angiua pectoris during the periods when 
the patients received theophyllme amiuoisobutanol as contracted with the periods when they 
received the inert substance or no drug at all. It is concluded that theophylline in general, 
and specifically theophylline amiuoisobutanol, exerts no demonstrable effect upon the incidence 
of attacks in patients with angina pectoris. Authors. 

Eaab, W.: Diminution of Epinephrine Sensitivity of the Normal Human Heart Through 
Thiouracil, J. Lab. & Clin. Med. 30: 774, 1945. 

» 

Tlxiouracil administration for three months to ten physically healthy persons was fol- 
lowed by a significant diminution of the sensitivity of the heart to epinephrine (heart rate, 
electrocardiogram). The behavior of the blood pressure was rather uncharacteristic. Implica- 
tions of these observations regarding the pathogenesis and treatment of angina pectoris are 
briefly discussed. Author. 

Guerra, F., and Chavez, N.: Value of Iontophoresis With Sodium Salicylate in Cardio- 
vascular Rheumatism, Arch. Inst, cardiol. Mexico 15: 153, 1945. 

Following intravenous injection of 1 Gm. of a 10 per cent sodium salicylate solution per 
' 50 kg. body weight after ten minutes a level of 150 ± 17 micrograms per cubic centimeter of 
salyeilicion in blood serum was obtained. 

After ion transfer with 2 to 4 per cent sodium salicylate solution with 5 to 10 milli- 
amperes during flfteen to thirty minutes in the precordial region no traces of salycilieion were 
present in the blood. 

The drug concentrations of the solution before and after the ion transfer were the same. 
The claims of clinical improvement is cardiovascular rheumatism following ion transfer 
with sodium salicylate are, therefore, not due to the presence of the drug in blood or to its 
specific action upon rheumatism. Authors. 

Allmark, M. G., and Bachinski, W. M.: Present Status of the Standardization of Digitalis 
and Strophanthus Products in Canada, Canad. M. A. J. 53: 361, 1945. 

The purpose of this paper from the laboratory of Hygiene, .Department of National 
Health and Welfare, Ottawa, is to present a report on the comparative assays for standardiza- 
tion of digitalis, and to discuss the responsibility of the Department of National Health and 
Welfare as a regulatory body in connection with standardization of these products in Canada. 

Canadian pharmaceutical companies would obtain more uniformity in potency for both 
digitalis and strophanthus preparations if the IJ.S.P. XII cat method was employed to 
standardize their products. 

: Digitalis products wliich are not reproducible from batch to batch and from which no 

national standards are available should be standardized by a biolo^cal method, and a 
standard used which is qualitatively the same as the samples tested. 

Preparations like digitalin (crystalline) should not be labeled in International Units. 
The human requirements of digitalin are considerably less than the potency ratio between 
. digitoxin and digitalis on cats would indicate. McCulloch. ' 
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